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THIRTY-NINTH 
ANNUAL REPORT 
For the Period Ending 30 June 1980 
VIRGINIA INSTITUTE OF MARINE SCIENCE 
School of Marine Science 
COLLEGE OF WILLIAM AND MARY 
Gloucester Point, Virginia 23062 
• THE COLlf.CE OF WILLIAM AND MAllY IN VlllCINIA 
OFFICE. 0/f THE PllESID!.NT 
WJLLIAMSIUR.C, VIR.CINIA 23185 
September 29, 1981 
The Honorable John N. Dalton 
Governor of Virginia 
State Capitol 
Richmond, Virginia 23219 
Dear Governor Dalton: 
·The Thirty-Ninth Annual Report for 1979-80 of the Virginia. Institute of 
Marine Science is respectfully submitted. 
VIMS became part of the College of William and Mary on July 1, 1979, 
as a result of actions by your office and the General Assembly. It 
has since functioned under the authority of the College ar~d its Board 
of Visitors. 
Although the Institute's services to the State remained strong, it was 
apparent that a fiscal indebtedness existed there at the time of merger. 
Restoration of financial integrity became our first order of business, 
and this required immediate action to establish rigid accounting and 
budget control mechanisms. A report on this work is included under the 
heading "Fiscal Reorganization." 
We also sought ways to continue strengthening the Institute's research, 
teaching and public service programs, building on the excellence the 
Institute had demonstrated in past years. 
Your support in these undertakings was vital to the achievements chronicled 
in this report. We appreciate the assistance you have given and hope that 
our stewardship will meet the continued support of your office. 
Jr. 
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EXECUTIVE SUMMARY 
For the Virginia Institute of Marine Science/School of Marine 
Science of the College of William and Mary, fiscal year 1979-1980 was 
a period of transition. As of 1 July 1979, the Institute became a 
part of the College in response to legislation passed earlier in that 
year. 
As a matter of highest priority, efforts were continued to 
rectify financial problems at the Institute under the direction of the 
College. Although gre~t progress was made toward restoring financial 
stability, efforts in this direction were somewhat hampered by 
continuing audits by federal, state and commercial auditors that 
commanded a large part of the attention of the staff. Nevertheless, 
by the end of the period of the report, many steps had been taken to 
alleviate the root causes of the Institute's financial difficulties. 
Among these steps were: 
Instituting stringent fiscal controls manually to assure the 
availability of funds prior to committing the Institute to 
expenditures. 
Reorganizing the Business Office on a limited basis to 
establish a professional approach to all functions conducted 
within the office and to increase the productivity of 
marginally-productive personnel positions. 
Redirecting th~ effort of the Sponsored Research Department 
towards exercising management direction and control over the 
1 
administrative and financial aspects of contracts and grants, 
instead of limiting their efforts to the clerical aspects. 
- Establishing the basic framework and fiscal coding for 
iaplementation of the new accounting system in the next fiscal 
year. 
- Establishing a budgeting and programming control system to 
limit planned expenditures to a level consistent with known 
and reasonably expected financial support. 
Identifying and training those Institute personnel who had the 
capability to assume increasing responsibility for VIMS 
operations. 
Promulgating policy that clearly announced to all personnel, 
management's intent to prevent deficits in all areas of 
operations regardless of cause or reason for the potential 
deficit. 
As a result of these actions, the deficit was controlled and 
managed in accordance with state requirements, and the potential 
financial impact of current deficit operations on the future 
minimized. 
Academic programs of the School of Marine Science, an actual 
school of the College as of 1 July, continued to produce highly 
employable pragmatic marine scientists. During Academic Year 
1979-1980, which falls entirely within the period of this report, 
sixty courses were offered by the faculty of the school. There were 
19 Master of Science and eight Doctor of Philosophy degrees in Marine 
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Science conferred. The excellence of the School's nation·wide 
reputation was substantiated by the application of 245 potential 
students for graduate Rtudy, of whom 32 were enrolled. On 30 June 
1980, there were 148 students enrolled at the School of M~rine 
Science. 
The Virginia Institute of Marine Science continued the research, 
advisory and education (K-12) activities upon which its n:ttional 
reputation for excellence is founded, and which are the a:.tivities 
mandated to it by the Code of the Commonwealth. Support for this work 
. is derived not only from the General Fund of the Commonwealth, but 
also from the grants and contracts for such work won by s:.ientists of 
the Institute in open competition with other organizations. 
The Scientific group of the Institute is divided int) six 
divisions, l~hich are further divided into departments and in some 
cases into sections according to specialized scientific needs. The 
divisions, departments and sections vary in size. The scientific 
staff of the Institute also furnishes the faculty of the School of 
Marine Science, permitting a far wider range of teaching disciplines 
than would be possible if the staff were maintained for instruction 
alone. The scientific divisions are as follows: 
Fisheries Science and Services 
Environmental Science, Services and Engineering 
Biological Oceanography 
Physical Science and Ocean Engineering 
Special Programs, and 
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The Eastern Shore Laboratory at iachapreague 
The Scientific group is supported in its endeavours by the 
Administrative group, headed by the Associate Director for Financial 
Affairs and Administration. 
During the period of this report the Scientific group ~s 
involved in some hundreds of projects, both internally and externally 
funded. Some of the more interesting were: 
- A large Institute-wide study of the functional ecology of 
. submerged aquatic vegetation (SAV) in Chesapeake Bay. This 
study is on going. 
- A continuing study of the seasonal abundance, composition and 
biology of the shark stocks of Virginia waters, with an eye 
towards the fishery potential, particularly for spiny dogfish. 
- Signs of the development of resistance to MSX in wild oyster 
stocks in the York River-Mobjack Bay system were noted and 
investigated. 
- A three year study of striped bass egg and larval populations 
in Virginia rivers was initiated. 
- Several studies on the pesticide Kepone were undertaken, 
including toxicity to freshwater fish, bioconcentration, 
toxicity to marine organisms, uptake by catfish, distribution 
in blue crabs, toxicity to juvenile blue crabs and others. 
- In recognition of the contributions of Dr. Frank o. Perkins of 
the Institute to basic knowledge concerning the oyster pathogen 
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Dermocystidium marinum, it has been renamed Perkic.sus marinus. 
In addition, a new class entitled Perkinsea has been erected. 
- A strain of oysters believed to be resistant to Perkinsus 
marinus was developed. 
- A major study of the effects of oil spilled in an eastern 
coastal plain estuary was completed after four yea.r' s work. 
- A method for determining the levels of Kepone in the 
parts-per-trillion range was developed. 
- A hydraulic model study of the proposed third Hampton Roads 
crossing was conducted in conjunction with the Corrmonwealth of 
Virginia Highway Department. 
- A mathematical model of the transport of Kepone in the James 
River estuary was under development. 
- A study defining the distribution of 11 toxic metals in 
suspended and bed sediments of the Chesapeake Bay was 
completed. 
- A benthic recolonization study was conducted on tt.e Outer 
Continental Shelf to ass~ss the recolonization of 
oil-contaminated sediments by benthic organisms ar.d hence the 
rate of recovery of this area in the event of an C·il spill. 
- Over 10,000 people participated in oceanography education 
programs presented by the Institute to all age levels. Over 
7, 000 students participated in beach, marsh and ve:ssel field 
trips. 
-During the period of this report, the Institute Se:a Grant 
Program coordinated programs at six other universfties or 
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colleges. Due to it's continuing proven excellence, the Sea 
Grant Program of the Institute was awarded Institutional status 
by the u.s. Depar~ent of Ca.merce. This is the only proaram 
in the Commonwealth to be so recognized. 
- An International Sea Grant Project, one of the first awarded to 
any institution, was given to a project developed by a VIMS 
scientist. Only seven were awarded nationally. 
- Thirty-three people enrolled in the two courses given at the 
Wachapreague Laboratory on growing hard clams. 
- Ninety-eight publications of all types were produced, in 
addition to 30 theses and nine dissertations. 
These projects and many others are described in detail in the 
pages of the full report. 
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VIRGINIA INSTITUTE OF MARINE SCIENCE/SCHOOL OF MARIN~ SCIENCE 
History 
The Virginia Fisheries Laboratory (VFL), predecessor to the 
Virginia Institute of ttarine Science (VIMS), was establis:1ed in 1940, 
under the control of the College of William and Mary, funded jointly 
by the College and the Virginia Fisheries Commission. Ed..1cation was 
carried out as part of the Department of Biology. In 194·~, the VFL 
was "established and continued." In 1948, the laboratory was directed 
to conduct hyd rograph:le and biological studies of the Che ;apeake Bay 
and tributaries and all the tidal waters of the Commonwealth. A 
separate Department of Marine Science was established in the School of 
Arts and Sciences at Williarrt and Mary in 1959, with degre•:!S being 
granted in Harine Science. In 1962, VIMS was established with a 
separate Board of Administration, and most of our current 
responsibilities were mandated in Title 28, Chapter 9, at that time. 
A small program in marine science was established with th·~ University 
of Virginia, but it remained small and was gradually phas~~d out by the 
Council of Higher Education. In 1972, the legislature assigned 
specific responsibilities for wetlands to VIMS. In 1979, the 
Institute was assigned as part of the College of William and Mary, 
along with its mandated responsibilities. The Board of Aiministration 
was dissolved. In 1980, specific responsibilities were aided in the 
area of coastal erosion. 
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Organization 
The Virginia Institute of Marine Science (VIMS) is assigned as 
part of the College of William and Mary, and reports directly to the 
President of the College. The Institute also is the School of Marine 
Science (SMS) of the College, with most professional scientists of the 
Institute serving as faculty of the School. 
The Institute is divided into two major groups, Administrative 
and Scientific, both reporting to the Dean/Director of VIMS/SMS. The 
Admin~strative group, headed by the Associate Director for Financial 
Affairs and Administration, is divided into six major departments. 
They are: 
Plant Development and Building Management 
Aircraft 
Business Office 
Art, Drafting, Photo and Reproduction 
Vessel Operations 
Computer Operations 
Their titles are self-explanatory. 
Tbe Scientific group is divided into five major divisions, plus 
the Eastern Shore Laboratory at Wachapreague, each of which is headed 
by an assistant director. They are: 
Biological Oceanography 
Physical Science and Ocean Engineering 
Environmental Science, Services and Engineering 
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Fisheries Science and Services 
Special Programs 
The Eastern Shore Laboratory (Wachapreague) 
The divisions are further divided into departments and, in some 
cases, into sections. Divisions, departments and sections vary in 
size, according to their specialized needs. 
The faculty of SMS is divided for the purposes of ed.ucation into 
sub-faculties according to traditional academic disciplines. The 
sub-faculties are: 
Biological Oceano.~raphy 
Geology 
Physical Oceanography 
Marine Affairs 
Fisheries 
Chemistry 
The faculty governs itself according to by-laws approved by the 
Board of Visitors of the College of William and Mary. 
Facilities 
The principal laboratory and campus is located on atout sixty 
acres at Gloucester Point on the York River, an important estuarine 
tributary of lower Chesapeake Bay not far from where the Bay mixes 
into the Atlantic Ocean. The Institute and School is adrrlirably 
situated for research and teaching in marine and estuarine biology, 
chemistry, geology and physical oceanography and engineering. The 
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campus of the Eastern Shore Laboratory at Wachapreague provides access 
to the embayment&, salt marshes, barrier beaches and coastal waters of 
Virginia's Eastern Shore. General research and mariculture 
laboratories are found there, as well as classroom and dormitory 
apace. 
An extensive complement of scientific equipment is available for 
research and academic purposes at VIMS. Included are a mass 
spectrometer, scanning and transmission electron microscopes, a 
aophi~ticated electronic computing center, a hydraulic flume, a Vibra 
corer system, and a ripple tank. A fleet of vessels supports both 
research and instruction and a DeHavilland Beaver aircraft is used for 
research and transport. The Marine Science Library contains some 
28,000 volumes and 1500 serial titles. A hydraulic model of the James 
River, located at Vicksburg, Mississippi, and maintained under a 
cooperative arrangement with the u.s. Army Corps of Engineers, is 
available for research by qualified students as well as the scientists 
of the Institute. 
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FISCAL REORGANIZATION 
The College of William and Mary became responsible for the 
Virginia Institute of Marine Science on July 1, 1979, and it 
immediately assigned an Internal Auditor to perform comprt!hensive 
reviews of the Institute's management systems. The College had 
previously requested the Auditor of Public Accounts to perform a 
review of its financial records. This two-pronged approae.h was taken 
so that the College could ascertain the extent of the Institute's 
financial difficulty and, at ·the same time, the cause(s) of the 
difficulty. 
The cumulative deficit as of June 30, 1979, was ascertained and 
verified by the Autitor of Public Accounts by the middle of October 
1979, and the major causes of the deficit were determined by William 
and Nary auditors by the end of November 1979. However, :~t was 
already apparent at William and Mary that the Virginia Inntitute of 
Marine Science's past practices had created conditions that made 
another operating deficit unpreventable for the current yE~ar, and that 
VIMS lacked the resources and management systems to bring the 
conditions under control. 
Based upon this knowledge, William and Mary authorit:Les 
instituted, immediately, a crash program of highly intenstfied 
management effort directed by the Vice President for Business Affairs 
to: 
Identify those programs that were in financial difficulty and 
curtail them. 
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- Liait the expenditures of f\Dlds to ain!Jaum essential 
operational purposes. 
- Halt the filling of personnel vacancies. 
- Dispose of idle, uneconomical assets that were a financial 
drain. 
Institute new management and accounting systems. 
Corrective action was well underway when it was interrupted by a 
decision on the part of state officials to obtain a new financial 
audit as of December 31, 1979, by a certified public accounting firm. 
Under the conditions of the audit, a requirement was placed on the 
Virginia Institute of Marine Science administration employees to 
compile the necessary data, including schedules needed by the 
auditors. In addition, normal operations had to be continued to 
support the scientific and educational programs of the Institute. 
As a result, the intensified program for identifying problems and 
resolving them was curtailed, and the efforts of all personnel were 
directed toward supporting the audit team while continuing normal 
business operations. The most significant impact of this action was 
the curtailment of the ongoing installation of a new accounting 
system. The resulting absence of accounting information placed a 
severe handicap on financial management of the general fund supported 
programs, as well as those operations financed by contracts and 
grants. As examples, the current cost of projects was not available, 
billings were delayed and thus the risk of cost overruns on contracts 
was increased. To compensate for these problems, a manual system had 
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to be installed to ensure that overall financial limitations were not 
exceeded. 
Concurrently with the outside audit of the financial statement by 
the commercial firm, the Defense Contract Audit Agency performed an 
audit of indirect costs for fiscal years 1977-78 and 1978--79 and of 
the proposed indirect costs for fiscal year 1980-81, as well as an 
audit of direct costs for fiscal years 1975-1979 and thosE~ proposed 
for fiscal year 1980-81. In addition, reviews were cond~:ted on an 
intermittent basis by the Agency Assistance Team of the Office of the 
Comptroller and by the Joint Legislative Audit and Review Commission. 
At times the administrative staff of the Institute was reHponding to 
four separate review teams simultaneously. 
Notwithstanding these conditions, the financial integrity of the 
Virginia Institute of Marine Science was re-established by: 
Instituting stringent fiscal controls manually to assure the 
availability of funds prior to committing the Institute to 
expenditures. 
Reorganizing the Business Office on a limited basis to 
establish a professional approach to all functionE; conducted 
within the office and to increase the productivity of 
marginally-productive personnel positions. 
Redirecting the effort of the Sponsored Research Department 
towards exercising management direction and control over the 
administrative and financial aspects of contracts and grants, 
instead of limiting their efforts to the clerical aspects. 
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- Establishing the basic framework and fiscal coding for 
~plementation of the new accounting system in the next fiscal 
year. 
- Establishing a budgeting and programming control system to 
limit planned expenditures to a level consistent with known 
and reasonably expected financial support. 
Identifying and training those Institute personnel who had the 
capability to assume increasing responsibility for VIMS 
operations. 
Promulgating policy that clearly announced to all management's 
intent to prevent deficits in all areas of operations 
regardless of cause or reason for the potential deficit. 
As a result of these actions, the deficit was controlled and 
managed in accordance with state requirements, and the potential 
financial impact of current deficit operations on the future 
min~ized. Thus, while there was a deficit for the first year of 
operations under the management of William and Mary, it resulted from 
the carry-over effect of prior operations. The new accounting system 
and other management improvements were destined to be in place in t~e 
to realize their full benefits for fiscal year 1980-81, not only in 
preventing deficit operations but also in improving the overall 
efficiency of operations as well, assuming no further interruptions. 
In accordance with the Appropriations Act, the Institute was to 
receive an additional $1.8 million of general funds in the first year 
of the 1981-1982 biennium, provided that a financial plan was 
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submitted to, and approved by, the Governor. The plan was to outline 
steps to be taken to ensure that the Institute limited its total level 
of expenditures to the costs funded in the first year. At a meeting 
with Secretary Walker on June 26, 1980, the Institute was authorized 
to operate at the increased funding level which included the $1.8 
million. The Institute was to consult with Secretary Wal·~er and his 
colleagues to review and modify the plan to be sure that it continued 
to justify these additional funds. 
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ACTIVITIES OF THE SCHOOL OF MARINE SCIENCE 
The prograa of the School of Marine Science is primarily intended 
for the student Who wishes to study Marine Science, or Oceanography, 
at the graduate level. The degrees offered are the Master of Arts and 
Doctor of Philosophy in Marine Science. Majors in Biological 
Oceanography (Marine Biology), General Oceanography (Physical, 
Chemical or Geological areas), Fisheries Oceanography (Marine 
Fisheries Science), and Marine Affairs are available at both levels. 
Within these general areas, study of several specialities may be 
undertaken. As examples, students may specialize in Marine Pollution 
Biology, wetlands Ecology, or Benthic Ecology, among others. 
Though the courses offered by the School are primarily for 
graduate students, advanced undergraduates (juniors and seniors) may 
participate in enrichment courses offered at the undergraduate level. 
Biology, Geology, Chemistry and Physics majors may enroll in suitable 
500 level courses; similarly, they may work on a marine problem in 
their field of specialization. Consent of the Chairman of the 
student's major department is required to take problems courses in 
Marine Science. 
As in most marine institutions, activities are accelerated during 
the sumaer. Qualified undergraduate students may take advanced 
training in Invertebrate Ecology, Physiology, and other subjects as 
scheduled. Additional faculty members are often added to the research 
and teaching staff at this ttme. In addition to the regular academic 
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courses offered, special summer research courses in Marine Science may 
be arranged. 
Because the entire program is marine-oriented and the faculty is 
heavily engaged in research as well as teaching, students have an 
unusual opportunity to become intimately familiar with the field. 
This advantage is increased by the fact that the student's entire 
training program is carried out on the seacoast. Time is not lost in 
traveling from an inland campus to the sea and the sea itself is a 
constant classroom com)anion. 
Approved marine seience courses are offered at the main campus of 
the College of William'3burg, but most are conducted on the campus of 
the School of Marine Science and the Virginia Institute of Marine 
Science at Gloucester ?oint. Accordingly, students commuting between 
campuses must schedule classes so as to allow time between them. 
Usually thirty minutes are required to make the passage. 
Academic Year 1979-1980 
Sixty courses were offered for curricula of School of Marine 
Science graduate students during the 1979-1980 school year. Sessions 
commenced July 23, 1979 (Second Term of Summer Session), August 30, 
1979 (Fall Semester), .January 14, 1980 (Second Semester), and June 2, 
1980 (First Term of Summer Session). 
Master of Arts in r~rine Science degrees were conferred upon 19 
students, while eight ~eceived Doctor of Philosophy in Marine Science 
degrees. There were 2·~5 applications for graduate study during the 
17 
year, resulting in 32 new enrollees. A total of 148 student 
scientists were enrolled in the School on June 30, 1980. 
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ACTIVITIES OF THE VIRGINIA INSTITUTE OF MARINE SCIENCE 
The research, advisory and education (K-12) efforts Jf the 
Virginia Institute of Marine Science (VIMS) are inextricably entwined 
with the School of Marine Science. VIMS furnishes the fa:ulty for the 
School from among its professionals. Funds raised by res.earch 
activities support scientists, providing a far broader ra~ge of 
disciplines and expertise than could be justified on the basis of 
instruction alone. Further, graduate students in the Sch•)Ol of Marine 
Science work on actual scientific projects under the tutelage of 
. experienced professionals, developing and broadening thei::- knowledge 
while receiving financial support from the project on whieh they are 
working. Often, too, the student becomes interested in sc)me phase of 
the project, and the work forms part of the research requ:lred for a 
thesis or dissertation. 
The Institute, through its advisory services and resf!arch, 
addresses the mandates assigned to it by the Code of the Commonwealth 
in §28.1-195 and elseHhere. Support for the work required by these 
mandates is derived from the general fund of the Commonwealth and the 
grants and contracts won by the scientists of the Institute in open 
competition with other organziations. 
Appendix A lists all sponsored (externally funded) research 
conducted during the period of this report except those funded by Sea 
Grant. Appendix B lists Sea Grant projects for 1979 and 1.980. Since 
Sea Grant is funded on a ('alendar year basis, it would be both 
19 
confusing and inaccurate to list them with the projects completed or 
funded during the fiscal year. 
A discussion of these activities is given below. 
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DIRECTOR'S STAFF 
There are two sub-units which, because of their unusual nature, 
are carried as part of the Director's Staff, reporting directly to 
him. These are the Marine Environment and Resources Research and 
Management System (MERRMS) and the Office of Ocean and Coastal Law. 
Their activities are discussed in the following paragraphs. 
Marine Environment and Resources Research and Management System 
(MERRMS) 
MERRMS is a unique information storage and retrieval system 
established at VIMS to aid in the transfer of interpreted scientific 
data from scientists to managers and among the several scientific 
disciplines. Its primary purposes are to serve as a point-source of 
information and to provide an interpretive interface between 
scientists and managers. The system is continually updated and 
therefore grows constantly. 
During this report period, information relative to the marine 
environments was received, interpreted and stored for rapid access by 
using microforms, random access slide displays and computer searches. 
The MERRMS document files, stored on standard 4"x6" microfiche, are 
computer-retrievable by author, subject or key-word descriptors 
assigned to each entry. 
By late 1979, MERRMS' holdings had grown to almost 1::>,000 
publications, making it one of the most comprehensive marine science 
information systems in the entire Chesapeake Bay region. These 
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docuaents include hardcover books, technical publications, "gray 
literature" entries such as letters and memos, informal progress 
reports on research projects and newspaper clippings. Documents were 
selected for relevance to the coastal zone, with emphasis upon the 
Chesapeake Bay, its tributaries and the contiguous ~ters of the 
Atlantic Ocean. 
As part of VIMS' continuing coastal resources management effort, 
local Planning District Commissions and other interested parties were 
provided monthly lists of MERRMS acquisitions, and requested documents 
therefore were provided to local planners free of charge. Through 
this program, local government was able to obtain a great deal of 
technical background material otherwise unavailable. 
During this report period, MERRMS provided information and 
se~ices to a variety of users including state and federal government 
agencies, educational institutions, consulting firms, public interest 
gr~ups and the general public. We participated in the update of the 
Chesapeake Bay Bibliography and microfiched all references in the 
Aquaculture Bibliography and the Marine Educational Materials System 
maintained by other Institute personnel. Significant records from 
other departments were also stored on microfiche by MERRMS personnel. 
With the addition of a new terminal-oriented computer system at VIHS 
(described later), it is anticipated that MERRMS holdings will be 
"on-line" and accessible by mid-1981. 
~ have also been very active in numerous discussions and 
proposals concerning the feasibility of establishing a comprehensive 
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Bay-wide network of information centers. It is anticipated that 
MERRMS will be a focal point of this Chesapeake Bay Information 
Network should the project be implemented. 
Office of Ocean and Coastal Law 
The Office of Ocean and Coastal Law functioned in all three of 
the Institute's capacities -- education, research and advisory 
services. 
Since 1975, under Sea Grant auspices, the Office carried out a 
cooperative interdisci?linary educational program with the 
Marshall-Wythe School of Law. The goal had been to produce scientists 
with a comprehension of law and institutions, and lawyers with an 
awareness of the natural environment and the nature of science. An 
average of one or two classes each semester, including summer 
sessions, were offered to William and Mary graduate and law students. 
An internship program between VIMS, the Marshall-Wythe School of Law 
and the Virginia Marine Resources Commission offered students a chance 
to work on "real world'' problems to the benefit of both the Commission 
and the students. Over the years a number of symposia, publications, 
grants and employment opportunities were the fruits of this 
cooperation. In addition, graduates from the Marine Affairs Program 
were eminently employable. 
There are 21 students identified with the Marine Affairs 
Educational Program at both the masters and Ph.D. levels, representing 
20% of the VIMS student body. These students were employed throughout 
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the Institute. A total of fourteen faculty and associate faculty were 
affiliated with the program. 
The Office .as involved in a number of major contracted research 
projects and continuously solicited external support for them. For 
example, the Office was under contract with the False Cape Senate 
Subcoamittee of the General Assembly investigating the problem of 
public access to shoreline areas in Virginia. 
The Office of Ocean and Coastal Law responded to a great 
diversity of requests for information at a rate of over ten per month. 
Each of these required a great deal of literature research as well as 
research into case, statutory and regulatory law. Many requests were 
related to proposal writing and research activities. 
FUrthermore, the Office was involved in a number of advisory 
roles -- most notably the Federal Register Service, an information 
service summarizing such documents as the Federal Register Service, 
Environmental Law Reporter, Pollution Control Guide, etc. This 
Service had a circulation of approximately 100, both in and out of 
house. It was a means of providing important current information and 
of maintaining a competitive edge in grant-seeking and research 
activities. 
The majority of the Office's functions required a working 
understanding of both science and law and the Office maintained a 
research specialist and three graduate students specially trained in 
this field. we also had in our employ a Marine Scientist A currently 
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on a special internship with the National Advisory Commit1:ee on Oceans 
and Atmosphere. 
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DIVISION OF FISHERIES SCIENCE AND SERVICES 
The focus of VIKS' fisheries research is to increase the state of 
knowledge of the relationships between basic oceanic processes and the 
abundance and availability, distribution, recruitment and mortality of 
fish, sbellfish, and crustaceans in the Virginia waters of the 
Chesapeake Bay, its tributaries and waters of the Virginian Sea. Data 
and information are provided to state, regional, national and 
international regulatory and management agencies including the 
Virginia Marine Resources Commission, the Potomac River Fisheries 
Commission, the Atlantic States Marine Fisheries Commission, the 
Middle Atlantic Fisheries Management Commission, the FAO of the United 
Nations and others. 
Research in the Division Office focused on long term 
environmental variations and their impact on yearly fluctuations in 
abundance and distribution of coastal living marine resources and the 
distribution of marine mammals. 
Funding from the National Marine Fisheries Service/NOAA 
supplemented General Funds for the climate and fisheries research, and 
provided all funding for the marine mammal research. The 
climate-fisheries studies have produced a predictive computer model 
for the Atlantic croaker, Mlcropogonias undulatus, based upon winter 
temperature extremes. Under these studies, we have also monitored the 
seasonal location of the Shelf-Gulf Stream Slope waters with a 
Continuous Plankton Recorder and expendable bathythe~ograph transects 
operated from u.s. Coast Guard Cutters. Information was developed on 
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the distribution and abundance of the bottlenose dolphin (Tursiops 
truncatus) off the Virginia Capes for two summers, and ir~formation was 
collected cooperatively with the u.s. National Museum on strandings of 
all marine mammals from Chincoteague to Cape Hatteras. 
Ichthyology Department 
The Department's long-term seasonal trawl surveys in the lower 
Bay and major tributaries conducted with General Funds WE!re continued 
during this period. These data were used to define and Dlonitor fish 
communities within the estuaries, to identify nursery grounds and 
predict year-class abundance of important species. ThesE! data are the 
basis for Master's Theses and Ph.D. dissertations. A major effort was 
initiated during 1980 to automate the data holdings, maktng them more 
available to outside users, VIMS scientists working on population 
dynamics, stock trends, effects of climate variations, and to improve 
the timeliness and accessibility of the year-class predietions. 
In response to questions raised by the U.S. Army Corps of 
Engineers as to the potenti.al effects of dredging in Hampton Roads, a 
study was conducted by department personnel on the nekton utilization 
of the Elizabeth and the lower James rivers. This study indicated 
that the upper reaches of the southern branch of the Eli:~abeth River 
serve as an overwintE!ring ground and/or nursery ground for juvenile 
spot and striped bass. Juvenile Atlantic croaker and alosines were 
captured evenly throughout the Elizabeth and lower James River. 
Therefore, these species utilized both river systems as an 
overwintering-nursery ground. Juvenile Atlantic menhaden and small 
27 
forage fish species such as bay anchovy and Altantic ailverside 
preferred the waters of the lower James River. 
In response to queries about the potential impact of Kepone on 
fish biomass in the James River, an analysis of finfish there was 
perfo~ed. Biomass estimates for summers ran higher than for winters. 
Est~tes of biomass were computed from beach seine data by species 
and river section. 
Comparisons of the summer biomass estimates indicate a downward 
trend in biomass from 1975 to 1978. These estimates, however, are 
baaed on fish of various species which were primarily 
young-of-the-year. The only large species taken consistently in this 
study were catfish and carp which are both sluggish bottom fish. 
Departmental personnel initiated studies of the structure and 
function of fishes in eel grass beds. This study is a part of a much 
larger Institute-wide effort funded by the Environmental Protection 
Agency on the functional ecology of submerged aquatic vegetation (SAV) 
in Chesapeake Bay. Various aspects of this study will be mentioned 
under other departments. Areas addressed include the processes of 
recruit.ent and emigration from the SAV areas, the relative benefits 
of SAV from trophic and refuge standpoints, the effects of major 
predators which may frequent the SAV areas, biomass estimates of the 
components of the fish community, the sources of the production 
consuaed by the fish populations, and ultimately, the levels of 
secondary production by the fishes. 
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The dominant resident species in lower Chesapeake Ba:r eelgrass 
beds was spot (Leiostomus xanthurus), contrasting with th1~ North 
Carolina eelgrass fish community, where pinfish ( Lagodon ~~homboides) 
and pigfish (Orthopristis chrysoptera) were dominant. Analysis of 
feeding behavior in the current study will allow determination of the 
trophic interrelationships and the effects on secondary producers 
within the system. Mid- and late-summer gill netting also revealed 
certain of the migratory predators including the sandbar ~;hark 
(Carcharinus milberti) and bluefish (_Pomatomus saltatrix). 
Preliminary evidence suggested that these predators were ::eeding in 
the eelgrass area. In others parts of the lower Chesapeake Bay, the 
cownose ray (Rhinoptera_ bonasus) has been shown to feed on shellfish 
in eelgrass beds with dramatic effects. 
Previous characterizations of Chesapeake Bay ichthyo}lankton have 
concentrated on mid-channel portions of the estuary and neglected the 
generally inaccessible shallows nearshore. As a result, 1:he extent to 
which Chesapeake Bay fish stocks use these zones as spawning and/or 
nursery sites is unknown. This lack of data takes on added 
significance in light cf the importance of shallow seagra:;s beds as 
refuge and feeding grot:.nds for many species of fishes. 
VIMS' long-term studies on our valuable anadromous f:lsh stocks 
continued, supported through the National Marine Fisherie:; Service (PL 
89-304). Catch effort statistics for th2 alosine fisherit~s were 
collected for the J arne s, York, Rappahannock, and Potomac ::- ivers. 
29 
Virginia river herring landings of 630 metric tons (MT), 965 MT, 
and 766 MT in 1977, and 1979 were the lowest recorded over the last 15 
years. The extremely low landings in the years 1977-1979 are a 
continuation of a decline that began in 1970. The decline is 
attributed to heavy exploitation of river herring in the .late 1960's 
and 1970's by foreign fleets and recurring poor recruitment in the 
last decade. 
An investigation was made of the Kepone concentration in 
anadromous fishes and its possible use as a chemical "tag." Kepone 
analyaes of adult alosine body and ovarian tissues collected from 
March through June in the James and Chickahominy rivers and lower 
Chesapeake Bay indicated little or no contamination over a four year 
period. The highest mean levels of Kepone detected in these samples 
were well below the action level of 0.3 parts per million (ppm). 
Kepone action levels were exceeded by 29% of adult male hickory shad 
and 28% of the females in samples collected from the lower Chesapeake 
Bay area in August and September, 1977, however. The mean Kepone 
concentration in 33 adult striped bass taken from the James River in 
March, 1978, was 0.50 ppm, and in six adults collected from the same 
area in March, 1979, was 0.80 ppm. Samples of juvenile alosines and 
striped bass which contained above action level Kepone concentrations 
were obtained from the James and Chickahominy rivers. In general, 
concentrations above the action level were found in samples collected 
between mile 35 and mile 65 on the James River and in the lower 
portion of the Chickahominy River, tributary to the James at mile 40. 
Except for these areas, juvenile samples had concentrations below the 
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potential for a shark fishery in Virginia. Our efforts ~ere mostly 
focused on the spiny dogfish. The fishery potential for spiny dogfish 
is unquestionably very large and there can be little doubt that the 
incipient East Coast fishery for this species will continue to expand 
rapidly in the coming years. Further research was needed in the areas 
of processing technology and population biology of the Northwest 
Atlantic stock. 
Fishery development for sharks in Virginia (and the other Middle 
Atlantic and New England states) shotud be centered on the export 
·market for spiny dogfish. The knowledge gained in this effort should 
be largely applicable to the future development of fisheries for other 
elasmobranch fishes. Preliminary work should be continued on the 
other species inasmuch as the knowledge available for these stocks is 
presently inadequate for even the roughest estimate of potential 
yield. Successful automation of the spiny dogfish industry will 
probably pave the way for the harvesting of other small sharks, 
particularly the smooth dogfish, Mustelus canis. 
Basic research on the fish communities of Norfolk Canyon and the 
adjacent slope have been funded by the National Science Foundation 
since 1973. During thls period a major phase of this research was 
completed and a new one begun. 
The major objecti,res of the completed research were to define the 
structure and function of fish assemblages on the continental slope, 
continental rise and abyssal plain off the Middle Atlantic Coast. 
These objectives were pursued by collecting fishes with an otter trawl 
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froa depths of 75 a (246 feet) to 5000 m (16,404 feet). During the 
last grant period our effort was concentrated at depths from 2500 to 
5000 • (8,202 to 16,404 feet). Our research on demersal fishes has 
shown that numerical abundance decreases exponentially with depth from 
the upper continental slope at about 300 m (984 feet) to 5000 m 
(16,404 feet) in the abyss. Fish biomass increases at the shelf break 
(about 200 m or 656 feet) and remains high to a depth of about 1800 m 
(5906 feet) beyond which there is a slow but steady decrease. 
Consequently the average size (body weight) of an individual fish 
increases dramatically at the lower slope (1500 to 2000 m or 4,921 to 
6,562 feet) so that fishes there and deeper are_larger on the average 
than fishes on the upper and middle slope. Species diversity and 
richness are high on the slope and begin to decrease rapidly in the 
saae region (1500 to 2000 m or 4,921 to 6,562 feet) where fish body 
size increases. The diversity of feeding and reproductive strategies 
among fishes is high on the upper and middle slope and decreases 
rapidly on the lower slope so that fish on the continental rise and in 
the abyss are strongly dominated by large euryphagous 
predator-scanvengers that migrate out of the region to spawn pelagic 
eggs or larvae. 
This basic research on fishes in relatively simple deep-sea 
ecosystems gives us a better understanding of how environmental 
factors such as energy availability, temperature stability, etc. 
control fish community structure in other shallower ecosystems which 
are more complex. In addition, as often happens, the knowledge gained 
in pursuing this basic research made VIMS ichthyologists uniquely 
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qualified to pursue an applied study of the fish communit:~es of a 
deep-sea radioactive waste dumping site at the request of the 
Environmental Protection Agency (EPA). The site is locatt!d at a depth 
of about 3,900 m, (12,795 feet) approximately 200 mi. due east of 
Chincoteague, va. 
Department personnel also began an analysis of data recorded on 
citation forms filed annually in the Virginia Saltwater Sportfishing 
Tournament. This study, funded by Sea Grant, will document trends in 
recreational catch by species, fish size, season, location, fishing 
.gear, bait etc. and analyze differences in such trends over a period 
extending from 1958 through 1977. 
Two student projects were supported by the Sport Fishing 
Institute. One was a Ph.D. dissertation problem on reproduction and 
population dynamics of black sea bass, and the other was on the 
reproductive biology and sport fishery of the spotted seatrout. 
As in the past, VI~IS Ichthyology scientists served aB advisors to 
the Virginia Marine RE~sources Commission rendering advice on several 
problems including purse seine net mesh size regulations, seasonal 
otter trawl regulations within the territorial sea and others. 
Dr. Merriner served as chairman of the State/Federal Scientific 
and Statistics Committee on Menhaden. This committee fonnulated a 
Fishery Management Plan for Atlantic Menhaden. Final report 
preparation and production was carried out in the Ichthyology 
Department at VIMS with National Marine Fisheries Service funds. 
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Dr. Musick assuaed the chairmanship of the State/Federal 
Scientific and Statistics Co.mittee on Summer Flounder. This 
committee began preparation of a Fishery Management Plan for summer 
flounder. This species is the most iaportant one in Virginia's 
valuable trawler landings and is a valuable recreational fish as well. 
Department personnel began to record stranding& of dead sea 
turtles in 1979 and documented more than 200, mostly loggerheads. 
This large sea turtle mortality in Virginia around concern froa the 
National Marine Fishery Service which provided us with funds to 
continue our monitoring program and to investigate the causes of these 
mortalities. This research is continuing. 
Ichthyology Museum 
Student curators in the Vl}lS regional Ichthyology Museum 
continued curation of this valuable collection. In 1979, 154 
specimens were sent out on loan and 244 spec~ens were sent as gifts 
or trades to other institutions. Specimens have been sent to foreign 
institutes as well as those in this country, including some in the 
USSR. VlMS curators lectured about the fish collection and about the 
biology of fishes to visiting groups, ranging from high school 
students to recreational fishing clubs. In addition, curators 
responded to numerous queries regarding identification of fishes, 
collection and distribution data, and taxonomic data. 
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Crustaceology Department 
Studies on crustaceans concentrated upon providing information to 
fishermen, processors, the public, and management agencie1~, in order 
to assist them in planning their activities. Major studit!S included: 
1) Obtaining data for effective harvesting, utilization and management 
of the blue crab (Callinectes sapidus); 2) Describing har,Testing of 
the American lobster (Homarus americanus) and biological 
characteristics of the lobster stocks in the Middle Atlantic region of 
the Outer Continental Shelf; 3) Describing biological cha::acteristics 
.of large crustaceans of potential commercial importance on the 
continental shelf and slope; and 4) Provide annual estimates of 
recruitment to the Virginia blue crab fishery from result::~ of the 
juvenile monitoring surveys supported from the General Fund. 
Estimates of abuncance of juvenile crabs, one-half to four inches 
wide and less than one year old, are made yearly from May through 
November by trawl surveys in Virginia's major rivers. Su:::-veys have 
been made in the York F~iver since 1956, in the James Rive1:." since 1964 
and the Rappahannock lliver since 1968. These surveys continued during 
the period of this report. The historical data on number:~ and sizes 
of juvenile crabs haVE:! been compared to trends in commerclal landings, 
providing the basis for predictions in the commercial cat•::!h. These 
predictions are based on the fact that the commercial cat•::!h from 
September of one year through August of the next are based on the 
hatch of the year previous. That is, the commercial catch from 
September 1979 through August of 1980 is based on the hateh of 1978. 
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We have evidence that large fluctuations in the basic supply of 
crabs are caused by unusual climatic and environmental conditions 
during the first eight months of life of a crab. The variables that 
affect an early stage in the life history of the blue crab may relate 
1) to the quality of the water in the area of the Chesapeake Bay most 
suitable for egg production, hatching, growth and survival of larvae; 
2) to retaining the larvae and juvenile crabs within the bay, or to 
transporting them through the bay mouth to the continental shelf and 
possibly returning juveniles to the bay; 3) to transporting the 
juveniles to the nursery grounds in the tributaries; and 4) to the 
quality of the environment in the tributaries during the juvenile crab 
stage. Preltainary analyses funded by the National Marine Fisheries 
Service indicate that water temperature and salinity and water 
transport are among the most important variables affecting crab 
survival. 
A five-year study of the American lobster fishery and lobster 
stocks at the edge of the continental shelf off the middle Atlantic 
coast has been completed. This research was supported by the 
Commonwealth and the National Marine Fisheries Service under the 
State/Federal Fisheries Management Program. 
The number of American lobsters (Homarus americanus) in the 
mid-Atlantic region is small and catch by the offshore trap fishery 
was about two to three percent of the total offshore lobster catch of 
the United States. Regulations affecting the quality of the landings 
were iaposed by Virginia in 1973, assuming that the Virginia stocks 
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had characteristics similar to the lobster resources of the more 
northern latitudes. Estimates were made of fishing and natural 
mortality rates, the size of female lobsters at sexual maturity, the 
relative number of lobsters of different sizes in the fishable 
population, the length-weight relationship and the growth rate. 
Differences were shown between those characteristics of Virginia's 
stocks and those characteristics of lobsters from more northern 
latitutdes. Some of t~e significant differences probably resulted 
from variations in fishing intensity over the geographic range of 
lobsters. The relatively short duration of the study liii.ited the 
kinds and amount of research data available for conclusive evidence of 
differences or similarities. 
Collections of crustaceans obtained in prior years during 
demersal trawling operations on ships-of-opportunity on the Outer 
Continental Shelf were processed by departmental staff and students. 
Data were obtained on various apsects of the biology of ~otential 
commercial species including rock crab (Cancer irroratus); jonah crab 
(~. borealis); deep-sea red crab (Geryon quinquedius); and other 
decapods {portunids, galatheids and shrimp). The offshore crustacean 
collections formed the bases for two master's theses and a doctoral 
dissertation. 
A commercial fishery for red crabs is located at the edge of the 
continental shelf, on the slope and in the canyons off Virginia. 
Fishing with wooden tr~ps by Virginia vessels began in 1578 and was 
conducted in a narrowly restricted range of depth, at a rr.ean depth of 
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300 fathoms, and a narrow range of temperatures, 4-s•c (39.2-41°P). 
In 1979, we measured different body parts, obtained body weights and 
recorded shell color from about 600 crabs. A number of gonads were 
collected to determine the size at which the crabs attain sexual 
maturity. These data, which will permit an evaluation of the growth 
and reproductive potential of the species, are being analyzed. 
Malacology Department 
Laboratory breeding of oysters for selection of superior genetic 
traits, including resistance to Minchinia nelson! (MSX) and fast 
growth, began in 1964 and continued during the period of this report. 
Survivors of the 1959-60 MSX mortality in Mobjack Bay and Egg Island 
oyster plantings were used as broodstock. These stocks, from James 
River seed oysters, were 90 and 95% killed by MSX which resulted in 
highly resistant oysters in the first generation of progeny from 
laboratory breeding in 1964. Using these survivor stocks, selection 
of oysters for faster growth has been emphasized. The 13th year of 
laboratory breeding in 1976 (20 lots) resulted in a total of 190 
progeny lots exposed for two or more years to MSX in the York River to 
test levels of resistance. Eight new progeny lots were added in 1978. 
Mortality from MSX rarely exceeded 10% in lots of these 
laboratory-bred oysters, whereas control lots bred from wild James 
River seed oysters had about 50% losses the first year of exposure to 
MSX. 
The 1970's were generally wet years, including the devastating 
June-July floods from Hurricane Agnes in 1972. Many oysters were 
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killed by fresh water in all the major Virginia rivers. 'rhe low 
salinities following Agnes depressed or eliminated oyster drills 
(Eupleura caudata and Urosalpinx cinera) and the oyster d.Lseases 
Perkinsus marinus (formerly called Dermocystidium marinum or Dermo) 
and MSX temporarily. Oyster drills have repopulated a mot'e restricted 
range of the lower Bay, but they were eliminated from the Rappahannock 
River in 1972. Denno increased in dry years with prolong·ed warm 
seasons such as 1976. Only the scarcity of oysters in hi.~h-salinity 
areas prevents Dermo from causing serious mortalities as lt did in the 
1950's. 
The major rivers of Virginia were monitored for MSX ~ctivity 
every summer since 1960. In the period 1976 to 1979, MSX was confined 
primarily to lower bay areas of the York River, Mobjack Biy and 
Hampton Roads. MSX declined in recent years in the creeks of Bayside 
of the Eastern Shore but increased in activity on Seaside. 
After 20 years of killing oysters annually without fail, a very 
encouraging discovery to~as the occurrence of MSX resistance in wild 
oysters in the York Rtuer-Mobjack Bay system. Because most of the 
York River has salinities above the 1.5% minimum required by MSX to 
parasitize oysters, alJ. natural populations of oysters have been 
selected for resistance over a 15-20 year period. This has resulted 
in MSX resistance in wild, native oysters in the York. Unfortunately, 
it will take much longer to obtain resistance in the James and 
Rappahannock rivers, because most of the broodstock oysters are in 
low-salinity areas where selection by MSX does not occur. A prolonged 
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program of reading 160,000 stained sections of oysters for MSX and SSO 
(Seaside Organisms - Minchinia costalis) activity, collected over a 20 
year period, and efforts to summarize the results, have been in 
progress for several years, but they have not yet reached fruition. 
ApPlied Biology Department 
The department continued its monthly monitoring of oyster 
conditions throughout the Virginia portion of the Chesapeake Bay and 
its tributaries which was started over 25 years ago. The data from 
this survey provide information on the changes in oyster "health" due 
to spawning, feeding, climate, and water quality. 
Annual spatfall monitoring, conducted for 30 years by VIMS, was 
also continued. This survey provides information to regulatory 
agencies and industry on the location and strength of the annual set 
of oysters. The length of the data set allows the fishery scientists 
the opportunity to look at long term trends and interannual 
fluctuations. 
A study was started by the department in 1976 with funding from 
the Virginia Marine Resources Commission to delineate on copies of., the 
original Baylor charta the extent of various types of bottom having. 
low, moderate or high potential for oyster culture. This 
determination was based on bottom type, incidence of predators a~d 
disease, setting information, and so forth. In conducting the study• 
station location and position were determined with an electronic 
position system (Teledyne-Hastings Raydiste). Bottom type was 
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determined using a sounding pole and a underwater microphone. To 
date, finished charts and reports have been completed fo:c the 
Rappahannock, Great Wicomico, Poquoson, Piankatank and York rivers 
and Mobjack Bay and its tributaries. The study continues. 
Studies of the uptake of Kepone from suspended sediments by 
oysters and other bivalve molluscs were funded by EPA. This was the 
continuation of experiments started in October 1977 in which oysters, 
and Rangia cuneata clams were exposed to suspensions of sediment 
contaminated with Kepone in laboratory and field experiments to study 
. their uptake and depuration of the insecticide. This study was not 
completed in FY 1979-1980. 
In another study, biodeposits produced by oysters exposed to 
suspensions of sediments contaminated with Kepone were collected in 
laboratory trays and placed on the surface of Kepone-free sediment 
beds in circular aquaria. The aquaria contained several species of 
benthic burrowing animals. Core samples of the sediment beds were 
collected after five or 12 weeks to measure the extent to which the 
surface biodeposits contaminated with Kepone had been mi.xed into 
subsurface layers. This study was not completed in FY 1979-1980. 
Estimates were made of the density of oysters (Cransostrea 
virginica), the hard clam (Mercenaria mercenaria) and the 
non-commercial clams Rangia cuneata, Brachidontes recu~rus and 
Corbicula manilensis throughout their range in the Jamen River. The 
Kepone concentration in samples was then used to comput•! an estimate 
of the Kepone load in the total river biomass of the these species. 
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Several studies were conducted for the Virginia Departaent of 
Highways and Transportation having to do with surveys of shellfish 
populations. These are described below. 
A study was conducted of oyster ground leases adjacent to the 
Jaaes River Bridge, Newport News, Virginia for the Virginia Department 
of Highways and Transportation. Two leases of oyster planting ground 
adjacent to the James River Bridge at the Newport News end were 
studied. Sampling revealed that one area contained large quantities 
of oysters, while in the other area, oysters were scarce. Comparison 
with aample results and fathometer-traced bottom profiles taken in a 
1976 study of the same areas indicates a close similarity. 
Sampling of the shellfish resource in the lower part of Brick 
Kiln (or Wythe) Creek was conducted by department personnel. Live 
oysters were found in several places from the bridge downstream to the 
mouth. Observations indicate that oyster beds here have average 
growth and normal rates of survival and that recruitment is occurring. 
No other species of commercially valuable shellfish was found. 
Leased oyster ground in the vicinity of the US 17 Bridge across 
the Nansemond River was sampled in September, October and November of 
1978 and January of 1979. The purposes were to determine the extent 
of the shellfish resources on the leased areas and to estimate the 
value of those resources occurring within the proposed right-of-way. 
Other than one aaall, isolated lump, the only place oysters were found 
within the area studied was on three adjacent private leases. 
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Another survey was conducted in the Hampton River on leased 
ground in the vicinity of the I-64 bridge. The objective1~ of the 
survey were to: 1) determine the magnitude of hard clam .1nd oyster 
populations; 2) detemine quantities of shell in the surf<iCe layer; 3) 
determine bottom type; and 4) determine the value of the t>ysters, 
clams and shell in the area. Data work-up was not completed in FY 
1979-1980. 
Sampling for oysters and clams conducted in June of 1979 on 
leased bottoms near the New West Norfolk Bridge on the El:lzabeth River 
.indicated that oysters were present in several places in densities 
which would support commercial harvest. It is noted, how.ever, that 
the area is presently c.lassed as condemned by the Virgin!.! Department 
of Health. Hard clams and soft clams were also present in very low 
numbers. Quantities of oysters recovered in 1979 were se·1eral times 
greater than those observed when the same areas were sampled in 1974, 
before construction of the bridge. Natural recruitment is indicated 
as the source of the increased quantities. On the basis of our data, 
there are no indications of any adverse impact from the b~idge 
construction. Values of oysters and shell on these lease::~ as of June 
of 1979 have been est:Lmated. 
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DIVISION OP BIOLOGICAL OCEANOGRAPHY 
The Division of Biological Oceanography includes four 
deparbaents: Invertebrate Ecology, Marine Culture and Aquatic 
Toxicology, Microbiology-Pathology, and Planktology. Research, 
graduate education, and advisory activities within the Division are 
varied, but center primarily on the lower trophic levels of the food 
web: phytoplankton, zooplankton, benthic (bottom) invertebrates, and 
the recycling activities of bacteria. These activities from July 1, 
1979 - June 30, 1980 are described below within deparbBents: 
Planktology Department 
Departmental activities in FY 1979-1980 included continuation of 
research on collections of plan~ton obtained under the Bureau of Land 
Management-VIMS contracts of 1975-1977, completion of four annual 
cruises planned for the Lower Bay Zooplankton Monitoring Program 
(LBZMB) and completion of zooplankton sampling at the C.P. Crane 
generating station in Bengies, Maryland. The department also 
initiated a 3-year program of research on striped bass egg and larval 
populations in Virginia rivers and a flume study of the efficiency of 
pumps in collecting zooplankton. In addition, a continuing study of 
offshore fish eggs and larvae was pursued. 
WOrk was completed on Bureau of Land Management-VIMS zooplankton 
collections of pelagic molluscs from the Middle Atlantic Bight. Work 
in progress included two studies on amphipods and one on decapod 
crustacean larvae from the same area. Other studies involved three 
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projects based on Bay zooplankton. These included studies of 
zooplankton populations in a two-layered estuarine system, feeding on 
zooplankton by spot larvae, and studies of chaetognaths (Arrow worms). 
The Lower Bay Zooplankton Monitoring Program (LBZMP) involved 
collection of zooplankton in the lower Chesapeake Bay during July and 
August 1979, and March and June 1980. Summer 1979 collections 
demonstrated a sharp decline in abundance of the dominant chaetognath 
Sagitta tenuis and a great increase in abundance of decapod crustacean 
(various crabs) and fish larvae, compared with the previous year. 
Microzooplankton and mesozooplankton were sampled monthly in the 
upper Chesapeake Bay at the c. P. Crane generating station site. This 
study, funded by the state of Maryland, will provide a continuous 
13-month appraisal of zooplankton population abundance in oligohaline 
waters, in addition to repeating the earlier summer sampling conducted 
in 1978. Spring 1979 sampling was summarized in a report by Grant and 
Berkowitz (1979). Research on the relationships of ichthyoplankton, 
crabs and beds of Vallisneria (submerged vegetation) at this site was 
proposed to Maryland's Power Plant Siting Program. 
An intensive survey of striped bass (Marone saxatilis) eggs and 
larvae in the Pamunkey and Mattaponi rivers (principle tributaries to 
the York River) was initiated in Aprtl 1980. This research was funded 
by the National Oceanic::. and Atmospheric Administration (NOAA) as part 
of a coast-wide investlgation into causes of the recent striped bass 
population decline. In subsequent spawning seasons, intensive surveys 
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were to be shifted to the James and Rappahannock rivers with continued 
monitoring of rivers previously surveyed. 
Studies of developmental stages of offshore fishes were based on 
both Bureau of Land Management-VIMS collections (previously mentioned) 
and aaaples taken during the VIMS Norfolk Canyon study. Recent 
publications included one on vexillifer larvae (Olney and Markle, 
1979) and one on trachipteriod eggs (Olney and Naplin, 1980). 
National Science Foundation funding was being sought for a major study 
of larvae of the family Carapodidae. 
An interesting study utilized the VEMS flume in a 
physical-biological study of the efficiency of pumps in sampling 
zooplankton. This study was conducted in various flow regimes and 
orientation to currents of the pump intake. Both passive particles 
and live zooplankton were used in the tests. 
Invertebrate Ecology Department 
During the year work was conducted on a great variety of research 
projects by the department, including work on benthic ecology, and 
invertebrate morphology and taxonomy. Projects included 
Kepone-related studies and studies of submerged aquatic vegetation 
(SAV). The department supported the work of eighteen students, and 
six completed or neared completion of their theses. Departmental 
projects are described in greater detail below. 
An identification key to the amphipods of the Chesapeake Bay and 
a listing of the aquatic birds of the lower Chesapeake Bay and James 
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River were completed. Long-term monitoring of benthic couaunities in 
the lower York River was continued. This study had been i.n progress 
since 1961 and was yielding information on the effects of changing 
water quality in the York River. 
A manual for evaluation of tidal mud flats as related. to benthic 
invertebrates was being prepared under funding from the FE!deral 
Highway Administration. 
The department participated in research on submerged aquatic 
vegetation (SAV), funded by the Environmental Protection }~ency, which 
investigated the distribution and abundance of SAV in the lower 
Chesapeake Bay, the biology and propagation of eelgrass ar~d the 
functional ecology of eelgrass. A significant aspect of t.he year's 
work was a final report for the SAV distribution project, which was 
the first published research report for the entire Chesapeake Bay 
program. The maps prepared in this study were already in use by 
federal and state management agencies. The propagation work had been 
revealing since the researchers found that the transplantation of 
eelgrass can be successful, but only under certain conditlons, with 
the time of year at which the transplanting is done particularly 
important. This is most useful to know in light of the pc•tential 
impact on a possible state eelgrass repletion program. The functional 
ecology SAV work focused upon predator exclusion, routine sampling of 
secondary production of major invertebrates of the grass bed, 
carbon-nitrogen ratio determinations, 13c ratio (13c;12c), 
determinations for dominant invertebrate species, prelimir.ary work on 
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aspects of herbivore grazing on the grass blades and predator-prey 
relationships. 
Studies of the recolonization of sedt.ents after oil 
contamination were continued. Funded by the u.s. Bureau of Land 
Manaaeaent, these studie~ examined the rate and successional sequence 
of macrofauna! recolonization of defaunated sediments. The studies 
were at.ed particularly at comparison of recolonization patterns in 
non-contaminated sediment versus oil-contaminated sediment such as 
aisht be associated with the anticipated oil and gas development of 
the o~ter continental shelf off the shores of the Comaonwealth. 
Por several years the city of Philadelphia had been dumping 
sludse material on the continental shelf off Atlantic City, N.J. By 
court order, this practice was scheduled to be stopped within a year. 
As·part of an Environmental Protection Agency study of ocean dumping, 
the euviroamental impacts of this sewage disposal practice were 
assessed by the depar~ent, and the recovery of the macrobenthos after 
the termination of sludge dumping was monitored. In another study the 
comparative biogeography of numerous macrofauna! groups was 
investigated by intensive seasonal sampling on the continental shelf 
off North Carolina from Oregon Inlet to Cape Lookout. Of particular 
interest ~s a sharp thermal front between the Virginian Sea and Gulf 
Streaa waters. This front had been found to move unpredictably and 
rapidly across larse areas of the shelf, exposing the benthos (bottom 
dwellers) to rapid thermal change. 
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Under a study funded by the Environmental Protection Agency on 
the disperal of toxic material in Chesapeake Bay, invertE!brate 
ecologists examined the role of the macrofauna! community in 
determining the distribution of toxic substances. Through their 
burrowing, ventilation and feeding habits, macrofauna! ol'ganisms may 
either resuspend material or increase its rate of burial. These 
mechanisms were investigated both by X-ray examination of biogenic 
structures in sediments and by observation and experimentation with 
live organisms. 
As part of a federally-funded effort, Dr. Boesch waE: engaged in a 
cooperative venture with Chinese scientists and investiga.tors from 
numerous American institutions. During June 1980, reseat·ch involving 
two Chinese vessels and the NOAA research vessel OCEANOGF~HER was 
planned to investigate sedimentary processes of the Yangtze River and 
the continental shelf off mainland China. The importance of the 
macrofauna! community in reworking and resuspending sedirr.ents was to 
be examined, using many of the same techniques employed i.n the 
Chesapeake Bay study. 
A synthesis and evaluation of the extensive but yet largely 
unpublished data on coJtposition, distribution and communi.ty structure 
of macrobenthos in the New York Bight region and Hudson-F~ritan 
estuary continued. The impetus was an interest in determining the 
suitability of assessments of the macrobenthic communitie!S and the 
adequacy of the existing data for detecting effects of pollution and 
environmental change in this heavily utilized area. 
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Several studies of the effects of lepone were conducted and 
included: 
Kepone in blue crabs - A study of the distribution of Xepone in 
backfin muscle, hepatopancreas and gonadal tissues of adult blue 
crabs, and eggs of ovigerous feaales was completed. The thesis 
research of a student was part of this project. 
Freshwater fish toxicity - The acute toxicity of Kepone to elvers 
(young eels), bluegill fingerlings and channel catfish fingerlings was 
dete~ined. Elvers were most, and channel catfish least, sensitive. 
In a preliminary study of histopathological effects on channel 
catfish, a substantial effect was noted in pancreatic acinar cella. 
Channel catfish recovered rapidly from all symptoms of Kepone exposure 
within a week after transfer to a Kepone-free medium. 
Marine organisms toxicity and bioconcentration of Kepone - Acute 
toxicity and uptake of Kepone from water were studied in Atlantic 
menhaden and Atlantic silversides. Of greatest significance is the 
extremely slow rate of clearance by both species, resulting in 
continued relatively rapid uptake throughout this phase of the tests. 
Siailar tests with sand shrimp were also performed by a student as 
part of her thesis research. 
Uptake of Kepone from contaminated food by catfish - Uptake and 
clearance of lepone were studied radiometrically. Tissue partitioning 
and some aspects of the clearance mechanism were examined. This was 
also the thesis research of a student. 
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Toxicity of Kepone-contaminated food to juvenile blue crabs -
Kepone-contaminated food at concentrations tested were net acutely 
toxic or lethal to blue crabs in 65 days. Sublethal effects on 
carapace thickness and respiration were reported. This \~S also the 
thesis research of a student. 
Other studies were in progress on hydroids and bryo2;oans which 
cause a major fouling problem in the water intakes of dee!p-draft naval 
vessels operating in Hampton Roads. Their origin and tr~1nsport 
mechanisms were investigated and predictive models of thE!ir movements 
.were developed in order to anticipate when fouling would become a 
problem. Flume tests were conducted to determine the behavior of 
hydroids and bryozoans under various current conditions. These 
studies were supported by the federal government. 
In order to determine the amount of food available to fishes and 
crabs that frequent eelgrass beds, researchers measured production in 
the beds. It was found to far exceed that on adjacent non-vegetated 
areas. The dynamic and productive nature of the eelgrasH habitat and 
its importance in producing food for commercial resourcen were 
studied. 
A comparative study between the James and Rappahannock rivers was 
continued to determine the differences between river systems in terms 
of benthic communities. The major community elements were found to be 
surprisingly similar. The James is the state's most hea,rily 
industrialized major estuary while the Rappahannock drainage basin is 
mainly agricultural. 
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Information ~s provided to state officials on the distribution 
and abundance of eelgrass beds in Virginia waters and the possible 
impacts of environmental perturbations on them. 
Advisory services were provided to a wide range of agencies and 
special interest groups. These included the National Marine Fisheries 
Services (NKPS) in North Carolina (on dredging and mitigation of 
impacts on marshes); liiFS in North Carolina and Maine (on habitat 
value and development); seminar for the Lower James River Association 
on the ecology of the James River; advice to state and Wetlands 
Department on dredging of Baltimore Harbor Bay Channel; the u.s. 
Department of Agriculture (on ecological effects of impoundments for 
irrigation); identification of oligochaetes for various workers around 
Chesapeake Bay and the nation; and advice to Virginia industries on 
control of Corbicula, a fouling clam. One scientist served in the 
following capacities: as Committee member of the Bureau of Land 
Managaaent planning group for development of enviroDIDent monitoring 
program; as expert witness for congressional inquiry into effects of 
PCB dumping on the environment; and as advisor to the state on the 
Baltimore Harbor Bay Channel project. Another served as a member of 
the Virginia Interagency Task Force on Chlorine (Technical Committee) 
and the American Public Health Association Committee on Bioassay 
Methodology. 
Microbiology-Pathology Department 
Bacteriologists continued to focus upon both the practical and 
theoretical aspects of public health bacteriology. Such studies 
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included in situ experiments to determine the effects of the estuarine 
environment on the viability of fecal coliform bacteria, which the 
Commonwealth uses to determine the pollution of waters. Studies to 
evaluate standard and proposed methods for enumeration of fecal 
coliforms exposed to estuarine conditions were being conducted. 
The bacteriology group also continued baseline monitoring of the 
lower York River for long-term analyses of water quality changes. 
Two additional studies, one dealing with methodology for 
quantitative evaluation of chitin (from crab shell wastes) degradation 
and the other with oyster mariculture based on recycling of brewery 
wastes, were begun by graduate students in Bacteriology. 
Efforts to prepare an atlas of tutraplankton in the Chesapeake 
Bay as an aid to ecological studies of the food web and water quality 
in the Bay were continued. 
One bacteriologist was engaged in perfecting new plastics for use 
in embedding and sectioning cells for high resolution light and 
electron microscopy and cytochemistry. 
In recognition of the contributi.ons of Dr. Frank o. Perkins of 
this Institute to basic knowledge concerning the oyster pathogen 
Dermocystidium marinum, the organism has been renamed Perkinsus 
marinus by the Committee on Systematics and Evolution of the Society 
of Protozoologists. In addition, a new class, Perkinsea, was erected 
to accommodate the unique organisms related to the oyster pathogen. A 
class is at the taxonomic level of Mammalia or Reptilia. P. marinus 
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is responsible for serious oyster mortalities along the Atlantic and 
Gulf coasts. 
A project to assess the iapact of Virginia boating marinas on the 
bacteriological quality of the surrounding waters with respect to the 
concept of the fecal coliform buffer zone and its implications for 
shellfish harvesting was begun with funding from Sea Grant. 
MOnitoring of a local salt.marsh treated with petroleum to assess 
oil spillage effects and recovery processes was completed, working in 
concert with other departments at the Institute. This research, 
funded by the American Petroleum Institute, was unique in duration (5 
years). A final report was being prepared, discussing the effects of 
petroleum spillage on microbial populations. The Bacteriology Section 
also participated in another petroleum-related study which was funded 
by the Bureau of Land Management. In the study, designed to assess in 
situ recolonization of oil-treated sed~ents on the continental shelf 
(previously discussed), changes in microbial populations were to be 
measured over extended time periods. Bacteriology personnel also 
participated in a NOAA-NMFS-NASA-funded study to determine the extent 
and effects of the Chesapeake Bay plume on shelf waters and associated 
biota. 
The Bacteriology Section continued its advisory/educational 
activities related to sanitary microbiology and the significance of 
the fecal coliform indicator concept to shellfishing and shellfish 
processing in Virginia. Assistance and technical advice in oyster 
depuration was made available to the State government and persons in 
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private industry. 
Personnel in the Histology Section were involved in 
field-oriented and laboratory research projects. They al:so 
participated in the previously described Bureau of Land 
Management-funded project to assess recolonization of oil·-treated 
sediments on the continental shelf, by sectioning animals collected 
from sediment arrays and examining them for evidence of oil-related 
damage. 
The Parasitology section of the Microbiology-Pathology department 
was engaged in studies of marine leeches. Many marine fish leeches 
(piscicolids) serve as vectors for pathogenic protozoa such as 
hemoflagellates. On-going systematic studies of piscicolids from all 
over the world were yielding significant information in their 
taxonomy, phylogeny, zoogeography, and host specificity. Although 
most studies involved leeches found in waters adjacent to North 
America, a paper on Antarctic leeches was being prepared. 
A Master's degree research study entitled "An evaluation of 
parasite communities of the Atlantic croaker, Micropogonias undulatus 
(Linnaeus), within the Chesapeake Bay", which involved an in-depth 
statistical evaluation of the data and employed numerical 
classification techniques previously used by benthic ecologists, 
provided valuable information on parasite/host changes during 
migration. 
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As part of Microbiology-Pathology's oncoing disease diagnostic 
prograa, Parasitology Section personnel furaished technical and 
advisory services on parasite and disease problems to Institute 
scientists and graduate students, as well ae to persons outside VIMS. 
An apparent increase in the number of disease problems in confined 
populations of fishes was noted. Continued work on diagnosis and 
control of fish diseases was considered important to future 
marieulture ventures. 
Marine Culture and Aquatic Toxicology Department 
All activities of the Department were in the area of sponsored 
(externally funded) research. These included efforts to biochemically 
characterize algae used as food for oyster larvae. This led to work 
on the development of a non-cellular, encapsulated food source for 
growiog oysters from fertilization through the spat stage. The 
expensive effort necessary to produce algae as a food source for 
oysters could be eliminated if a pelletized or encapsulated food could 
be developed. Availability of such a food would be an important 
advance in aquaculture. 
Another area of sponsored research was in the development of a 
strain of oysters resistant to Perkinsus marinus, a pathogen which 
kills oysters along the Atlantic and Gulf coasts. Now in the third 
year of research, it appears that a strain more resistant than native 
stocks bas been obtained. Improvement of the strain was being 
atte.pted. 
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European and U.S. oyster growers consul ted with Hari.ne Culture 
scientists during the year on methods used here to grow c•ysters from 
fertilization through the spat stage. 
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DIVISION or ENVIRONMENTAL SCIENCE, SERVICES AND ENGINEERING 
There are three departments within the Division of Environmental 
Sciences, Services and Engineering at the Institute: the Department of 
Ecology-Pollution, the Department of Environmental Physiology, and the 
Department of ietlands Ecology. In addition to the projects conducted 
within these departments during the report year, the Division was 
responsible for coordinating the Institute's Xepone research program. 
Ecology-Pollution Department 
the basic missions of the Ecology-Pollution Department were to 
conduct research, to provide services, and to carry out an 
instructional program emphasizing the fate and effects of pollutants 
in the marine environment. In order to accomplish these functions, 
the departaent was divided into two Sections: Environmental Biology, 
and Marine and Environmental Chemistry. 
Brief descriptions of the major projects carried out by the 
Department follow: 
The thermal effects of power plant discharges into estuarine 
wat,rs were ex&JDined. The final evaluation of data obtained for the 
Surry Power Station (James River, Virginia) during the years 1969 
through 1978 was completed. It revealed that temporal changes in the 
biotic communities followed seasonal patterns of temperature and 
salinity in the study area, and reflected inherent reproductive 
patterns of the organisms. Spatial patterns reflected the transport 
of organisms fro. the river in the vicinity of the intake to the zone 
66 
encompassed by the discharge plume, as well as periodic m1rsts of 
meroplankton generated in the cooling water canals. Seleetive 
destruction of entrained phytoflagellates was observed wht!n discharge 
water temperatures exceeded 30°C (80°F); however, these t•!mperatures 
occurred during periods of maximum primary productivity and maximum 
flagellate population densities in the river. Zooplankton entrainment 
mortalities of up to 12% were observed during a special s1:udy in 1975. 
Despite this, no impact of the thermal discharge on the b:Lota outside 
the immediate plume area was detected. 
A seasonal series of four benthos sampling runs was ·~onducted at 
the c. P. Crane Power Station (Gunpowder River, Maryland) funded by 
the state of Maryland. Individuals of the brackish water clam, Rangia 
cuneata, were largest in size adjacent to the power plant discharge, 
while the greatest population densities were found in Che.~apeake Bay 
beyond the influence of the plant. Quantitative benthos data from the 
June and September 1979 samplings indicated that fauna in the 
discharge area and in r·eference areas differed in the pop·.llation 
densities of certain species, but not in the overall compJsition of 
communities. Mud and nand communities differed in population 
densities of species that were common to the two habitat types, as 
well as in the presence of species of polychaetes and amphipods in the 
sand sediments that w•ere not found in mud. Evaluation of samples 
obtained in November 1979 and April 1980 was in progress. Analyses of 
concentrations of the netals copper (Cu), iron (Fe), nickel (Ni), and 
zinc (Zn) in sediment and clam samples from the discharge and 
reference areas revealed relationships between concentrations and clam 
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sizes, but no spatial patterns appeared which suggested that the power 
plant was the source of metals contamination in the discharge area. 
Dissolved oxygen levels in the lower York River were determined 
weekly in July and August 1979 and May and June 1980. Distinct 
vertical stratification with bottom water concentrations below 2 parts 
per million (ppm) was observed on most of the 1979 sampling dates. 
A major study of the ecological effects of oil spilled in eastern 
coastal plain estuaries (mentioned above) was completed in December 
1979 following a study period of four years. The study site consisted 
of a Q4tural estuarine marsh creek habitat off the York River, 
Virginia, modified by the construction of retaining walls to enclose 
aquatic and marsh areas in each experimental unit. Each system was 
closed on all sides with the exception of an opening below the level 
of lowest tide to allow communication with tidal flow. Five 
experiaental units were constructed, each having a surface area of 
about 810 m2 (969 yd2) and containing 695 m2 (831 yd2) of marsh, 
100 m2 (120 yd2) of open water and 15 m2 (18 yd2) of intertidal mud 
flat. The unit furthest upstream served as the control and the four 
downstream units received dosages of fresh and weathered crude oil. 
In addition, biological sampling in the open marsh and creek areas 
provided an estimate of the effects of enclosing the marsh. Five 
hundred and ten liters (135 gal) of fresh South Louisiana crude were 
added to each of the two downstream experimental enclosures beginning 
approximately three hours into flood tide and lasting for one hour. 
The weathered oil was similarly applied to the next two units upstream 
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three days later. The weathered oil was not visible one week after 
the spill except as coatings on marsh grass blades, while the fresh 
crude remained for over three weeks. Plankton populations recovered 
within a week, and fish mortalities, which were most pron.:>unced in the 
weathered oil unit, ceased after ten days. Reductions in standing 
crops of marsh grasses were most pronounced during the ye.!lr following 
the spills when peak bi.omass in the control exceeded the spill units 
by a factor of three. Recovery progressed further in the second year 
with peak biomass in the oiled units being about 70% of the control. 
The third year following the spill, recovery was nearly complete. 
Benthic populations were dominated numerically by oligochaetes. 
Significant reductions in populations of this dominant organism and in 
populations of polychnetes and amphipods were demonstrabl~~ for a 
period of three years, although most of the populations showed 
definite signs of recoveryo 
Extensive Kepone-related studies were conducted by this 
department. One of the primary objectives of these studit!S was to 
determine whether Kepor..e was causing mortalities among aquatic 
organisms in the James River. Although not all studies w~~re 
completed, they indicated that Kepone was not responsible for acute 
toxicity problems in the James River or Chesapeake Bay. Likewise, 
data suggest that the chronic impact of Kepone on the organisms is 
minor, if there is any at all. These findings were extremely 
significant in that they showed little or no biological dc~age 
occurring to populations in the system. Assuming these conclusions to 
be correct, the major economic loss was restricted to lim:~tations on 
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harvesting of commercial species which contained Kepone in 
concentrations above the action level. 
A second objective to the studies was to determine the magnitude 
of various ICepone reservoirs in the syat•· We COIRpleted the field 
work to estimate the biomass of benthos, fishes and crabs in the 
system and designed and initiated the study to estimate the 
concentrations of ICe pone in the aediaents. This study ws iaportant 
since all past estimates of lepone in the sediment reservoir were 
based on a very limited series of saaples, i.e. less than one aaaple 
per square aile. We recently calculated a Kepone reservoir in James 
River aed~ents of 28,000 kg (61,729 lbs.) froa the 1978 Water Control 
Board data, which was analyzed as a function of depth. Kepone 
residues were tabulated in increaents of o-3.5, 3.5-6.5, 6.5-12.5 and 
12.5-18.5 inches. Previous estimates ranging between 9,600 and 19,000 
kg (21,164 to 41,888 lbs.) had been made utilizing the average levels 
of Kepone in core samples. The actual quantity of ICe pone residing in 
the sediments must be known before the length of time that significant 
biological residues will remain can be estimated. Utilizing existing 
information, we were aware that ICepone would r•ain in the system for 
a considerable period of tiae. More recent sediaent studies 
indicated, however, that the concentrations of Kepone in the upper 
layer of river bottom sediments were decreasing as new 
less-contaminated materials settled to the bottom. Decreasing residue 
levels were seen in oysters, probably reflecting the filtration of 
these less-contaminated sediaents. Residues in finfish may also have 
been declining, but limited data made conclusions difficult. 
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Over the past several years, one of our limitations :ln studying 
Kepone problems was the lack of a method for determining J~pone 
concentrations in water at environmental levels. To solve! this 
problem, we developed a method for determining dissolved Kepone at 
levels in the extremely small part-per-trillion range. Wtth this 
method, we were able to study the potential impact of dredging in 
areas of Kepone contamination. A study conducted by the department in 
the Skiffes Creek area of the James River showed that dredging did not 
increase the dissolved Kepone levels in the water. 
During the last ttNO years, the major effort of the dE!partment' s 
Chemistry Section was devoted to a study of organic pollutants in the 
Chesapeake Bay. The objective of this project was to establish a 
system to detect, identify, and quantify toxic organic compounds of 
significance in the water column, in sediments and in mol:.usk tissues 
from the Bay. 
The first year's tNOrk was devoted to technique development 
(chemical procedures, apparatus and software). Samples of sediment 
and mollusks were collected once in the first year and semi-annually 
thereafter. Water samples were collected twice the first year and 
seasonally thereafter. Sampling stations were distributed throughout 
the Bay. 
An outline computer system performed the bulk of the data 
management tasks. The gas chromatographic/mass spectral data 
contained information on both identified components (i.e. those on the 
Environmental Protecti.on Agency's (EPA) consent decree prtority 
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pollutants list) and unidentified coaponents. 'l'he progr• considered 
both classes of c011poUDds, allowina asseaaent of accuaulations of 
recognized toxics and maintaining a capability to perceive unusual 
rates of increase in other coapounda tbat would force their 
identification, and possible further action. Study results will 
include a baseline depiction of the abundance and distribution of 
toxic oraanics in the water column, sediments, and .olluska.of the Bay 
syst•• Additionally, s~ previously unknom toxic oraanics may be 
identified. Finally, the availability of a functioning surveillance 
systea for these toxic compounds will assist in makiDB future resource 
manageaent decisions. 
Two studies dealing with hydrocarbon contamination were 
completed. In one, surface sediments froa the Atlantic Outer 
Continental Shelf between New Jersey and Virginia were analyzed for 
their hydrocarbon composition. Benzene fractions of sediment extracts 
were found to contain a variety of polynuclear aromatics that, in 
aeneral, were superimposed on complex mixtures of petrolic and/or 
bioaenic origin. Concentrations of individual polynuclear aromatics 
typically were at the lJI/8 level referred to dry weiaht. These 
polynuclear aromatics were considered to derive froa pyrogenic input. 
All hexane fractions contained pentacyclic triterpanes and 
triterpenes. The ( 17x)-hopane and ita hoaologues were of special 
interest because of their hiah concentration (relative to other 
triterpanes) as well as their possible relation to the presence of 
petrole\D. 
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In the other study, the uptake of hydrocarbons by oysters and 
their concentrations in sediments were studied after experimental oil 
spills. Oysters showed a rapid response of individual tissue 
hydrocarbon concentrations to the spill, followed by a gradual 
decrease that appeared to be related to the environmental residence 
time of the compound. Total aromatic concentrations in unconsolidated 
sediment at the maximum reached )500 parts per million (ppm) in both 
spill areas. In oyster tissue, maximum concentrations of total 
benzene eluate were <S ppm and those of individual isomers in general 
were (100 parts per billion (ppb). Compositional changes with time 
were evident in both unconsolidated sediment and oyster extracts, 
resulting in increasing complexity that in the end became a basic 
limitation to analytical efforts for quantification from gas 
chromatograms. Total concentrations of benzene fractions in oysters 
were found to remain essentially constant over a period of at least 
10,000 hours, but those of individual compounds clearly decayed to ppb 
levels within a few hundred hours. Unconsolidated sediment extracts 
were found to contain chlorinated hydrocarbons in concentrations of 
the same order of magnitude as those of aromatic hydrocarbons. While 
a few chlorinated hydrocarbons were also detected in oysters, their 
concentration relative to aromatic hydrocarbons was low and their 
structure, in general, was different from those in unconsolidated 
sediments. Contrary to expectations, there was no obvious correlation 
between the pollutants in unconsolidated sediment and those in 
oysters. 
A major emphasis of the Biology Section of the Department of 
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Ecology-Pollution was a study of the functional eeoloay of shallow 
water ecosystems. Research wae process-orientated, aDd the nitrogen 
cycle was the central unifying process studied across eeoeysteas. 
Pr~ry eaphasis wae on iuvestigatiag functions of systems which were 
not understood sufficiently to carry out manageaent practices. Thus, 
we were tryiag to extend knowledge and increase UDderstandiag rather 
than carry out monitoring programs. Some monitoring programs, 
however, were carried out within the Section because they were needed 
to obtai~ a data basis for hypotheses testing. Some of the research 
within the Section could have been classified as studies of nutrition 
or physiology of marine organi .. s; however, they were carried out 
within the framework of the functional ecology described above. 
During the period of this report, the departaent worked on 
externally funded projects covering research in the following systems 
or processes: seagrass ecosystems, coral reefs, salt marshes, 
estuarine plankton and estuarine eutrophication. 
The Environmental Protection Agency funded the study of the 
functional ecology of submerged aquatic vegetation emphasizing 
eelarass (Zostera aarina). This study stressed the investigation of 
eyeliDS of nutrients (carbon, nitrogen and phosphorus) in relation to 
primary productivity. Interactions between system components and 
control of these interactions were considered. Quarterly and annual 
reports were made, but data evaluation was incomplete. 
Coral reefs were considered significant components of the world's 
shallow .. ter marine ecosystems. Although absent from Virginia 
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waters, these systems were good models for testing hypotheses related 
to the bottom community or sediment/water column interaction. 
Significant findings during the report year included the discovery 
that ground water inputs had a significant nutrient impact on the 
reefs on the north coast of Jamaica. These findings will help us 
focus effectively on this nutrient pathway in ecosystems under study 
in Virginia. These studies were financed by the National Science 
Foundation. 
Salt marsh studies were funded by Sea Grant. One of the more 
.significant findings was the indication that nitrite is exported from 
salt marshes in late summer and early fall. The export/~nport results 
were summarized in annual reports, and part of the information was in 
press in a symposium volume. The nitrite finding related both to the 
estuarine and eutrophication studies. 
Our studies of the plankton and nutrient/oxygen exchanges in the 
past were handicapped by lack of knowledge of the hydrography of the 
local subestuaries of Chesapeake Bay. The significant findings of 
Haas (1977) allowed us to predict the state of stratification/ 
destratification of these subestuaries. A largely inhouse-funded 
field operation, which centered on a destratification event in 1978, 
was successful. During this funded period, we analyzed much of the 
data, published some of it (Webb and D'Elia, 1980) and hai several 
publications in press. A destratification event, especially during 
the warm months when 'Jottom waters are anoxic, redistributes oxygen 
from the surface waters and sediment-regenerated nutrients from the 
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bottom waters. This had. significant ~plication& for nutrient cycles, 
organiaa distribution and the management of estuaries. 
An Environmental Protection Agency financed literature and data 
review related to the eutrophication of estuaries was completed during 
this period. This included a review paper on conceptual models of 
nutrient processes, which was completed and in press. During the 
present decade it was observed that nitrite was often more abundant 
than nitrate in the estuary during certain seasons. Although nitrite 
was often present during these time periods, its concentration 
relative to nitrate seemed to be correlated with the degree of 
eutrophication. A study of the source of the nitrite was part of the 
EPA-funded investigation; in addition, the nitrite/nitrate ratio as a 
useful indicator of eutrophication was to be investigated. 
Environmental Physiology Department 
The Department of Environmental Physiology was engaged in several 
Institute missions during this report period including work on 
radiobiology, red waters and jellyfish as discussed below. 
The analytical facilities for undertaking experimentation with 
radioactive isotopes were maintained and considerable staff effort was 
devoted to ensuring that the Institute was in conformity with the 
licenses and numerous changes in regulations involving the handling 
and processing of radioactive materials. Many changes had occurred, 
and closer monitoring by the United States Nuclear Regulatory 
Commission had been in effect since the Three Mile Island incident in 
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March of 1979. The staff continued to attend conferences with the 
Commonwealth's Department of Health, while the Proposed Ionizing 
Radiation Rules and Regulations were undergoing review. ,Usa under 
review were the rules and regulations affecting common ca~:-riers 
utilizing the Commonwealth's highway system. 
The staff represented the Commonwealth at hearings on the 
"Effects of the Three Hile Island- Unit 2 on the Chesapeake Bay," 
held through the office of Senator Charles Mathias, Jr. o:: Maryland. 
In cooperation with the Department of Invertebrate E·~ology at 
VIMS, the effects of industrial waste effluents on select·:!d species of 
estuarine phytoplankton were assessed. This project, funded by the 
u.s. Environmental Protection Agency through the Chesapeake Research 
Consortium, employed the use of radioactive carbon as a tracer for 
measuring the rates of photosynthetic production of selected estuarine 
algal species. 
Limited field observations were made of the abundance of 
Chesapeake Bay jellyf:lsh. Moderate populations of the stinging 
nettle, Chrysaora quinquecirrha, and low abundances of the moon jelly, 
Aurelia aurita, were observed during the summer of 1979, a period of 
relatively mild environmental conditions. The absence of the autumn 
jellyfish, Rhopilema yerilli, and the winter Lion's Mane, Cyanea 
capillata, were also noted. No offshore venonmous Cyanea capillata 
were reported to have reached Virginia's Eastern Shore, nor were any 
random captures of the venomous Pelagia noctiluca made in the 
continental shelf waters of Virginia. 
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Two survivors of South Pacific sea ~sp stings have been located, 
and their medical histories were forwarded to the University of 
Maryland School of Medicine jellyfish program. 
Red water formations in the spring (April 1979 and March-April 
1980) were reported for the York and Rappahannock rivers in 1980. The 
absence of extensive Red Water formation in the York River during the 
su.mer of 1979 was noted. These conditions contrast markedly with the 
extensive formations documented during the summers of 1975-1978. 
A study of the diurnal oxygen metabolism of an oligohaline 
Chesapeake Bay subestuary was undertaken during 1979 under contract 
~th the Department of Natura1 Resources of the State of Mary1and. 
The effects of industrial waste heat loading on the planktonic 
community were evaluated during the late summer and winter seasons. 
The magnitude of diurnal responses was measured during a series of 
field observations undertaken with tight synchrony of diurnal and 
tidal cycles. 
Wetlands Department 
During fiscal year 1979-1980, the Wetlands Department 
participated in education, research and advisory functions of the 
Institute through the programs described below. 
Over 500 shoreline permit applications were processed by staff 
members. Permit applications had increased more than 19% per year 
since 1976. Pre-application advice was given on over 250 occasions. 
This advisory service was rendered to individuals, industries, and 
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state and federal agencies. Additionally, reviews of twelve large 
environmental impact statements were coordinated among the scientific 
divisions, and comments submitted for the Institute. 
A technical service contract was conducted which involved 
detailed studies of certain permitted and non-permitted shoreline 
activities. The Norfolk Division of the u.s. Army Corps ~f Engineers, 
the National Marine Fisheries Service and the Environment.!ll Protection 
Agency funded research to investigate shoreline activitie9 that were 
of particular enviromnental concern. A number of the sit,:!s required 
·the use of aerial photography provided by the Remote Sensing 
Department of the Institute. 
A project was conducted which involved the study of the effects 
of channelization on marsh vegetation in a tidal creek (Cabin Creek). 
The project was expected to materialize into a four-year monitoring 
experiment funded by the National Marine Fisheries Servict!. Phase I 
of the study was initiated. 
Wetlands staff personnel were required to attend the following 
regular meetings in order to supply technical advice: 
Monthly Joint Permit Processing Meetings at Fort Norfolk, involving 
VIMS, the Environmental Protection Agency, State Water Control 
Board, State Health Department, the Army Corps of Engineers, Marine 
Resources Commission, National Marine Fisheries Servic~!, and the 
u.s. Fish and Wildlife Service. 
79 
- Monthly meetings of the Virginia Marine Resources Ca.mission 
(VMRC). 
- Bi-monthly meetings involving federal dredging projects. All 
federal and state regulatory and advisory agencies concerned with 
dredging attended. 
- Monthly meetings of local wetland boards. 
Staff meabers also worked with state and federal regulatory and 
advisory agencies on a daily basis. 
VMRC and VEMS were mandated to develop guidelines under the 
Coastal Primary Sand Dune Protection Act of Virginia. This process 
has begun and the guidelines were to be published about July 1, 1980. 
All field work for the Tidal Marsh Inventory Program was 
comPleted in October 1978, and data reduction and report writing was 
in progress. Four inventory reports were made ready for publication, 
and it is hoped that funds will be available for printing and 
manuscript preparation in FY 1980-81. The Virginia Beach Tidal Marsh 
Inventory was the last report to be published (Feb. 1980). 
Besides the structured graduate school activities, a number of 
staff meabers lectured and offered seminars and programs to community 
college students, secondary school students, civic organizations and 
other groups. In FY 1979-1980, 42 such presentations were made. In 
addition to these, wetlands workshops (4 to 7 hours each) were 
presented to local wetlands boards. It was anticipated that these 
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workshop sessions will increase due to the recently-legislated Coastal 
Primary Sand Dune Protection Act, which increases the responsibilities 
of some of the wetlands boards because, in addition to wetlands, the 
boards will have to consider coastal dunes when making de:isions 
involving shoreline activities. 
The functional ecology of submerged aqua tic vegetati,:>n ( SAV) in 
lower Chesapeake Bay ~s studied as part of the Environmeatal 
Protection Agency's (EPA) Chesapeake Bay Program, in coor~ination with 
other scientific groups at the Institute. Basic ecological studies of 
.seagrass communities in the lower Chesapeake Bay were con~ucted to 
determine their productivity, nutrient interactions and role in 
supporting and providing habitat for resident and migratory species. 
The ecosystem simulation model under development incorporated the 
findings of these various studies. It should provide a mechanism for 
evaluating factors controlling primary and secondary production within 
the submerged seagrass community. 
A new major project recently funded within this program dealt 
with the environmental regulation of Zostera marina and ~uppia 
maritima, the two dominant seagrasses in the lower Bay. In 
particular, the effects of light quantity and quality on productivity 
was being investigated. 
Nutrient mass-balance studies of marshes in the lower Chesapeake 
Bay were conducted in order to extend previous research in mesohaline 
marshes to freshwater and haline marshes. The influence of oxygen on 
nutrient fluxes in both marsh and mudflat was examined. The identity 
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and flux rate of inorganic nutrients moving between mudflat and marsh 
surfaces and the overlying water were investigated. Flow studies and 
chamber incubation were used to examine these processes. Our intent 
was to determine the effects of tidal flow variation, sto~ events and 
oxygen concentration on these processes. 
The distribution and abundance of SAV in the lower Chesapeake Bay 
were also studied as part of the EPA Cllesapeak.e Bay program. Work 
begun in 1978 continued into 1979 and resulted in a report published 
by EPA in September 1979. The distribution and·abundance of SAV in 
Virginia's tidal waters in 1978 were delineated with color aerial 
photography and surface information. Species associations were 
ascertained, bed acreages determined, and the distribution of 
individual species within large SAV beds investigated. Analysis of 
historical distribution of submerged vegetation since 1937 throughout 
the lower Bay was accomplished by use of archival aerial photography. 
In addition, 31 full-size mylar u.s.c.s. topographic quandrangles 
depicting the bed outlines were presented to EPA as an inventory of 
the current distribution of SAV in Virginia's tidal waters. These 
mylar topographic maps were duplicated by the EPA and copies were used 
by state and federal regulatory agencies in their permitting 
processes. Copies of the color aerial imagery taken along much of 
Virginia's shoreline for this project were on file in the VIMS Remote 
Sensing Center and, because of their multiple value in documenting 
tidal-marshes, shorelines, sand bar formation, etc., they were being 
used for reference in a number of ongoing research projects by other 
scientists. 
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An additional contract was funded by the EPA/CBP to obtain aerial 
imagery for comparison with the 1978 data. This project was intended 
to document any changes which might have occurred in the distribution 
and abundance of SAV in Virginia's waters during that two year period. 
Data workup was proceeding with a report due to EPA by September 1980. 
In addition, color aerial imagery was being obtained to d·epict the 
distribution and abundance of the submerged grasses in 1980. Funding 
was available only for the obtaining of the imagery in 1980 and not 
for any data analysis. 
A two-year project on the biology and propagation of eelgrass 
neared completion. The biological characteristics of eelgrass were 
investigated by periodic sampling of natural eelgrass beds to document 
vegetative growth and reproductive cycle including the flowering 
process, seed formation, seed release, seed germination and seedling 
growth rates. The feasibility of using seedlings and adult plants to 
reestablish eelgrass beds was also being investigated by transplanting 
eelgrass to a number of sites on the York and Rappahannock rivers 
which, prior to 1973, had contained eelgrass. Method of 
transplantation, time of year of transplantation, physiographic 
conditions at transplant sites and the effect of fertilizers were 
investigated by monitoring survival and growth of the individual 
transplants and their sediment-nutrient regimes. Transplanting 
efforts were conducted in the spring, summer and fall of 1979 and the 
spring of 1980 at five sites. 
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The effect of fertilizers on seedling growth and survival was 
tested in the laboratory by culturing natural seedlings with various 
levels and types of fertilizers in a greenhouse under ambient light 
and water temperature conditions. Survival and growth were monitored 
as were sediaent nutrient levels. 
Seed germination rates were also being investigated in the field 
and in the laboratory. Germination rates were monitored at various 
temperatures and salinity levels in controlled environmental 
incubators. In addition, rates of germination of eelgrass seeds 
placed at numerous areas throughout the lower Bay, where eelgrass 
currently exists or previously existed, were monitored. 
A study of the effects of herbicides on eelgrass included 
laboratory analyses of Atrazine in sea water samples, collection of 
water samples for the monitoring of run-off events and supervising the 
field dosing experiments to determine the effects of Atrazine on 
eelgrass using the recirculating dome system. This project was funded 
through the EPA Chesapeake Bay Program. 
Other Wetlands research projects were as follows: 
- A study of the distribution and effects of turbidity caused by 
dredging in Hampton Roads, Virginia, including a literature 
review of the impacts of increased levels of suspended solids 
on various estuarine organisms, the effects on water quality 
and the preparation of resource maps. The project was funded 
by the u.s. Army Corps of Engineers, Norfolk District. 
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- A study of the effects of construction activities :Ln navigable 
waters on water quality in the Lynnhaven Estuarine System, 
which included: collecting data on shoreline alte1:-ations, 
wetlands distribution and shoreline usages for cor::-elation with 
the water quality data; a literature review of the marine 
resources and water quality data of the Lynnhaven 11ystem; and 
the collection of the water quality data used in the study. 
The project was funded by Malcolm-Pirnie Engineering on a 
contract from the u.s. Army Corps of Engineers, No::-folk 
District. 
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DIVISION or PHYSICAL SCIENCES AND OCEAN ENGINEERING 
Physical Oceanography and Hydraulics Department 
The activities of the Department of Physical Oceanography and 
Hydraulics consisted of the studies described below, with the main 
focus on hydraulic model studies and mathematical model development. 
A hydraulic model study of the proposed third Hampton Roads 
Bridge TUnnel Crossing was conducted in cooperation with the 
Commonwealth of Virginia Highway Department. Possible impacts of the 
crossing upon the physical and geological environmental components and 
on the channel stability of the Hampton Roads region were assessed. 
The model study included hydrographic, confetti and gilsonite test 
runs of the James River Model at the Waterways Experiment Station of 
the Army Corps of Engineers in Vicksburg, Mississippi. 
Under the Cooperative State Agencies (CSA) program, a continuing 
joint venture with the Virginia State Water Control Board had been 
undertaken earlier to develop water quality models for all major and 
small coastal tributaries of Virginia estuaries. The most recent 
effort was to apply ecosystem models to the estuaries, to expand their 
space dimensions, and to improve the predictive accuracy of the 
models. The powerful finite element scheme was adapted. The water 
quality monitoring portion of this project was expanded to include 
nutrient data, and circulation and basic physical portions were 
emphasized. All CSA models were calibrated and validated to include 
pollutants from non-point sources. 
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A study of the extent and effects of dredge-induced turbidity was 
in progress funded by the u.s. Army Corps of Engineers. The approach 
involved theoretical development of a model of the turbid:Lty plume, 
plus field studies during dredging operations for verification of 
theoretical predictions. 
A comparative study of several possible breakwater configurations 
for the newly proposed Newport News Seafood Industrial Park was being 
conducted for c. E. Maquire International, Inc., in the V.~S wave 
tank, using both optical and quantitative wave gauge techniques • 
. Results should demonstrate the effectiveness of various hnrbor designs 
in reducing storm wave damage. 
A dye-dispersion study was being conducted for calib1:-ation of a 
model of tidal flushing in selected marinas. The calibrated model 
will be further validated using bacteriological data collt~cted under 
an affiliated NOAA Sea Grant Project. 
An intensive hydrographical and water quality survey was planned 
for Little Hunting Creek. This study was to develop a predictive 
water quality ecosystem model in order to evaluate condit:Lons in the 
creek and to supply information for a coherent improvement program. 
A comparison of satellite data measured by the SEASAT SAR 
satellite with predictions produced by the Virginian Sea lJave Climate 
Model (developed at the Institute) was being made. This eomparison 
will test the usefulness of the satellite, and it will evaluate the 
future of SEASAT SAR data for prediction of the wave climnte along the 
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coast. Under study were the Cape Hatteras and northeast Long Island 
areas. 
A mathematical model of the transport of the pesticide Kepone in 
the James River estuary ~s beiQg developed for the Comonwealth of 
Virginia. The model consisted of three sub-models, including a 
hydrodynamic model, a model of suspended sediment transport, and a 
model of transport and exchange of dissolved and adsorbed Kepone. 
These models were validated using recent hydrographical and sediment 
survey data. Completion of the model will enable us to predict the 
residence time of Kepone in the estuary, and it will pinpoint possible 
regions of accumulation. 
A study for the DeparbDent of Natural Resources of the State of 
Maryland (previously described) was undertaken in cooperation with the 
Division of Biological Oceanography to determine the effectiveness of 
pump sampling for zooplankton and to more fully describe this sampling 
technique. Although known to underestimate plankton populations, this 
method is more convenient than most other sampling procedures. The 
study included theoretical investigations of flow around the sampling 
intake and experiments with both passive particles and living 
zooplankton in the VIMS hydraulic flume. 
The department participated in a study of water quality in the 
Lynnhaven and Northwest river drainage basins as part of the overall 
Hampton Roads Water Quality Agency's 208 Study. Department personnel 
conducted field testing of best management practices (BMP) for control 
of non-point source pollution. The studies included field testing of 
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BMP for control of non-point source pollutants; stormwater impact 
sampling and modeling to determine the instream water quality response 
to BMP loading reduction; and water quality model simulations to 
assess the water quality responses to selected BMP control plan 
implementation. 
Geological Oceanography Department 
Progress was made in several elements of the core research 
program, particularly in the areas of coastal and estuarine 
sedimentation processes. The Remote Sensing Center of this department 
continued to provide vital support to projects throughout the 
Institute, as well as to develop and test new applications of remote 
sensing to estuarine and marine resources. In addition, ·~ery 
important advisory functions to state agencies and the legislature 
were continued. 
Studies of tidal inlet behavior were conducted with funding from 
the Sea Grant program. It focused on the smaller inlet systems 
fringing the Chesapeake Bay, which were of particular pra~tical 
interest because of growing demands for improved entrance navigability 
as the shorelines around the fringing basins become developed for 
residential use. The results of the study were useful in the design 
of such improvements. Studies to date indicated that there were 
significant differences in hydraulic behavior between the larger 
oceanic inlets and those within the estuary. The first report 
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on our results was presented at the 17th International Coastal 
Engineering Conference held in Sydney, Australia d~ing March 1980. 
More generalized theoretical inlet studies were also completed. 
The interrelationships between coastal inlet hydraulic behavior and 
the bypsometric (area-height) characteristics of coastal basins 
receiving tidal flow via the inlet were under investigation. A 
principal objective was to determine how basin hypsometry influences 
the mean current distribution in an adjoining inlet and whether or not 
net bedload transport in either the flood or the ebb direction may be 
induced through complex periodic elements arising in the mean current. 
A numerical model was applied to a basin and inlet system on the 
Eastern Shore of Virginia, and the results were used to test several 
working hypotheses on residual transport tendency as a function of 
inlet-basin tidal characteristics. A paper on this subject was 
written and accepted for publication. 
Research on estuarine sedimentation processes continued with 
studies of Kepone distribution in the James River and comprehensive 
studies of the sediments of the main body of the Chesapeake Bay funded 
by the Environmental Protection Agency as part of the Institute-wide 
Chesapeake Bay Program. 
Production and disposal of Kepone at Hopewell, Virginia, 
contaminated an estimated 81 million tons of sediment to depths of 
more than 60 em (2 feet). Most of the contaminated sediment was found 
in the middle estuary, mainly in zones of fast deposition such as the 
shipping channel. Concentrations were higher in fine-grained and 
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organic-rich sediments than in others. The history of contamination 
revealed peak concentrations in 1974, a time of peak Kepone 
production. After production was halted in 1975, the sediments began 
to "recover" as contaminated sediment was progressively buried by the 
influx of less-contaminated sediment. Recovery was faster in the main 
sites of deposition than elsewhere. While concentrations were reduced 
more than 80 percent from 1976 to 1979, continued contamination at low 
levels suggested a small residual supply of Kepone from secondary 
sources, such as plankton, or from the original source area. 
Another program element of the EPA Chesapeake Bay Program was the 
study of toxic substances in the food chain. Since toxic organic 
compounds and trace metals have an affinity for fine-grained 
sediments, a detailed knowledge of the distribution, sources, 
transport, and fate of these materials was important. In order to 
achieve the first comprehensive baseline of sediment char~cteristics, 
over 2,000 bottom samples were taken and analyzed for physical and 
chemical properties. In additon to improving our underst.:~nding of the 
sedimentology of the Bay, these results should provide th·~ framework 
for estimating the potential of toxic accumulations. 
A further aspect of the study was the determination of the 
sediment budget of the Bay, wherein the residual material deposited 
was compared by sediment size classes with sources such a::~ shoreline 
erosion and riverine :lnflow. This wrk should provide a .:~ritical 
linkage in understanding the recent geological history of the Bay. 
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Another project dealing with deciphering sediment sources 
involved the utilization of shape information present in ordinary 
quartz grains found in estuarine sediments. The purpose of the study, 
funded by Sea Grant, was to determine whether sands from the lower 
Chesapeake Bay could be differentiated according to their provenance 
or process-history, reflecting a distinctive sedimentary environment. 
The shape characterization was made through a finite number of 
ha~onic aaplitudes extracted from each two-dimensional grain profile 
represented in polar coordinate form by a closed Fourier Series. 
Using Q-aode factor analysis, it may be possible to identify a number 
of end-member types according to their amplitude-frequency 
distributions, and to estimate the precentage of each end-member in 
bottom sediment aa.ples from selected locations. Thus, sediment 
sources and pathways of sediment transport can be deduced. 
Toxic metals (such as lead, mercury, cadium and arsenic) pose an 
obvious threat to the ecological health and to the seafood resources 
of Chesapeake Bay. With funding support from the EPA Chesapeake Bay 
Prograa, a study defined the distribution of 11 metals in suspended 
and bed sediments of Chesapeake Bay. Results revealed enrichment of 
near-surface waters off Hampton Roads harbor. The study will provide 
a baseline for documenting future accumulations and depletions of 
metals; it will also assist long-range monitoring of the dispersal and 
fates of toxic metals. 
Activities within the Remote Sensing Center included the mapping 
and evaluation of submerged aquatic vegetation in the lower Chesapeake 
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Bay under the EPA Chesapeake Bay Program, and the utilization of 
Landsat and other imagery in water quality analysis. With support 
from NASA, SEASAT imagery was used to test the applicabil:Lty of models 
of wave refraction in shallow water. Particular attention was devoted 
to increasing the community of users of remote sensing imagery as it 
relates to management and planning for marine resources. 
Members of the department served as technical adviso1::-s to various 
state task force groups and commissions, as well as to state agencies. 
The department acted as principal technical advisor to the legislative 
.coastal Erosion Abatement Commission in its evaluation of the impacts 
of shoreline erosion and its management. It also played an active 
role on the Task Force for the Virginia Resource Informat:lon System 
with respect to marine resources and the utilization of Landsat 
imagery. 
Estuarine Processes Department 
The Department of Estuarine Processes initiated field studies to 
quantify diffuse contributions of nutrients and the result:ing water 
qual! ty changes in the estuary, along with continued stud:les of the 
impacts of nutrient enrichment on estuaries. 
The quantity and quality of runoff from four small basins in the 
Ware River watershed and the quality of the water in the estuary 
during both wet and dry periods were monitored. These studies 
supplied data for calibrating mathematical models which w:lll be used 
to estimate non-point source loads for the entire Chesapeake Bay 
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watershed. The data will also help determine the ways in which 
estuarine water quality is affected by runoff from adjacent lands. 
The studies will continue through the next year, with funding by the 
Enviroomental Protection Agency (EPA) Chesapeake Bay Prograa. 
A project was initiated under a contract to study water quality 
in the Lynnhaven Basin funded by the Hampton Roads "208" Water Quality 
Agency. Its purpose was to address the effectiveness of various 
management practices (such as contour plowing for farms and street 
sweeping in urban areas) designed to reduce the quantity of pollutants 
washed. into the estuary by rainfall. 
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DIVISION OF SPECIAL PROGRAMS 
Special Projects Department 
A Hazardous Materials Study described and assessed lssues related 
to the transportation of hazardous materials in coastal Virginia. 
Research for the project was completed and a draft report:, 
.. Contingency Planning for Hazardous Materials in Coastal Virginia, .. 
was being prepared. 
A project for the Citizens Program for the Chesapeake Bay (CPCB) 
. was coordinated. The project, Development of a Chesapeake Bay Use 
Ethnic, began in November and was funded by the Virginia Foundation 
for the Humanities and Public Policy and the MarylanCt Committee for 
the Humanities. The Chesapeake Bay Use Ethic was being developed by 
10 scholars representing various disciplines of the humanities. 
Drafts of their papers were completed in July. 
Attention was focused upon the need to maintain current files 
relative to ongoing research activities dealing with the Chesapeake 
Bay (Virginia and Maryland). Accordingly, through the Chesapeake 
Research Consortium and with the University Maryland, VINS was 
designing a Chesapeake Research Exchange (CREX), a computer-based 
system to identify and summarize ongoing research projects. 
The Benthic Recolonization Study funded by the Bureau of Land 
Management was designed to assess the sequence of recolonization by 
benthic organisms and the rate of recovery of an area in the event of 
an oil spill. Since the study was a large multi-discipllnary one, it 
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was coordinated by this department, with the work performed by other 
scientific groups at the Institute. It has been described elsewhere 
in this report. 
Advisory Services Department 
Virginia's Marine Advisory Service, jointly funded by the 
National Sea Grant Program and the Commonwealth, continued to advise 
and assist people and agencies of the state and the other managers and 
users of the marine resources of Cheseapeake Bay, its tributaries and 
the continental shelf. Although advisory activities encompassed all 
phases of marine resources and marine science, particular attention 
was focused on commercial fisheries, marine trades and recreation, 
shoreline erosion, marine education and marine resource economics. An 
active publications program was carried on with support from Sea 
Grant. 
Advisory Publications and Communications 
During 1979-1980, the Sea Grant Publications Office continued to 
produce the Marine Resource Bulletin, a quarterly newsletter sent to 
over 7,000 people interested in marine topics. The Bulletin included 
Wavelets, an education series for the 10-14 year old age group. The 
office also continued publication of Marine Resources Advisory, a 
series of monographs on special topics, and Focus, a one-page circular 
announciaa important events. Two new efforts were the Fishery Flash, 
an information sheet covering activities of the VIMS Fisheries 
Department, and a series of leaflets (fish brochures) on edible 
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Virginia fish species. Feature articles, photos, and new:3 releases 
were prepared and sent to regional and national publications. 
Marine Recreation 
The year was marked by continued progress on projects concerning 
marine trades and the boating public, while a significant expansion in 
effort occurred with sport fishing audiences. As a result of a Marine 
Trades Seminar held by the department addressing the stat·e' s boat 
registration program, the industry began an study of boat titling. 
Additional seminars held were "Shoreline Erosion and Permits for 
Piers, Bulkheads and Dredging Projects" and the major two·-day "Marine 
Design and Environmental Impact" conference. 
A project was developed to provide information on hazardous 
marine animals. This included educational publications, a video 
production, and a comprehensive slide/lecture program. 
Through articles in the Marine Resources Bulletin, b~atmen were 
kept informed of the court battle over sewage pumpout facilities and 
the availability of Hurricane Awareness Maps. The recreation advisory 
specialist continued to serve on the Virginia Boating Advisory 
Committee and Sport Fish Expo '79. The Chesapeake: a boating guide to 
weather was co-sponsored and published with the National Weather 
Service. 
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Commercial Fisheries 
Commercial Fisheries Advisory Services provided an important 
focal point in 1979 for information transfer between the expanding 
commercial fishing industry, seafood industries, and the scientific 
community. New technology illustrated and described in Advisory No. 
15, A New Roe Knife, was received as "The best development in 30 years 
in the business." Advisory personnel displayed the knife, maintained 
booths, and helped coordinate a seminar program for the Delmarva 
Fisherman's Expo. 
In response to a request from industry for information on 
offshore harvesting techniques, commercial fisheries specialists 
traveled to New England to observe local pair trawling gear. The 
large catches convinced Advisory personnel to purchase pair trawls and 
a net sounder for use by Virginia fishermen. 
Advisory personnel also coordinated a demonstration of local 
patent tongers by Virginia watermen, and New York fisheries agencies 
considered licensing this gear. 
Department personnel also assisted potential aquaculture 
entrepreneurs in cultivating hard clams, continued to investigate 
oyster aortalities, introduced a new recirculating system to Virginia 
crab shedders, and helped the Virginia Watermen's Association 
investigate certain natural conditions such as ice damage. 
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Shoreline Erosion 
The Institute's shoreline erosion program proved to be one of the 
most rewarding and productive advisory efforts. Shoreline erosion 
specialists, working closely with private landowners and 
municipalities, provided advisory assistance on techniqut!S for erosion 
control with emphasis on low-cost methods. These speci~_ists 
developed methods that saved valuable shoreline property and prolonged 
the life span of previously-installed structures. Examp:.es of 
techniques employed were perched beach sills, spoilers and low-profile 
. groins. This program has provided assistance in the des:lgn of over $1 
million worth of erosion structures each year. 
Marine Education 
During 1978-79 period, over 10,000 people participated in 
oceanography education programs, which were presented fo::- all age 
levels. Beach, marsh and vessel field trips continued to increase as 
over 7,000 students participated in Marine Advisory Service (MAS) 
programs throughout the Commonwealth. The education staff attended 
conferences, participated in science fairs and career-day events, and 
provided education and continuing education workshops. Specific 
education activities included teacher "Seashops", publication of Guide 
to the Marine Educat:lon Materials System, initiation of the Gloucester 
Enrichment Program for the gifted and talented, expansion of 
Museum/Aquarium activities, and presentation of the "Oceanography for 
Landlubbers" programs. Education specialists planned programs 
specifically for marine education of the handicapped. 
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Sea Grant Program 
Fiscal year 1979-80 encompassed the last half of the eleventh and 
the first half of the twelfth year of activity for the VIMS Sea Grant 
Progr•, the funding for which is renewed annually by calendar year. 
Consequently, both 1979 and 1980 activities are discussed below. 
The primary funding for the program was provided by the National Sea 
Grant Office, National Oceanic and Atmospheric Administration (NOAA), 
u.s. Department of eo.merce. The Sea Grant office financed a 
nationwide prograa of funding to major college and university programs 
for marine resources, education and advisory services. It ~s 
designed to foster improvements in the utilization of the nation's 
marine resources on a pattern similar to that of the highly successful 
land grant college program established earlier this century. Every 
federal grant awarded has to be matched by half the amount of the 
grant in state and local funds as a prerequisite for participation in 
the program. 
1979 Activities of the Sea Grant Program 
The VDIS Sea Grant Program was awarded a total of $846,800 in 
federal funds in 1979, including a basic grant of $695,400, a $20,000 
supplement to the basic grant, and a special award of $131,400 for an 
International Sea Grant project, which was exempted from the matching 
fund requirement. 
The international project, one of the first such grants awarded 
nationally in this new funding program, was for the first two years of 
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a cooperative assistance program between scientists at VIMS and the 
state of Israel for the exchange of ocean wave data including 
techniques for understanding and predicting the effects of ocean 
waves. The program was designed to provide coastal planners in both 
Israel and the United States with an improved ability to predict the 
impact upon coastal properties of changes in ocean waves. 
The first year of the project was successfully completed at VIMS 
and the Israel National Oceanographic Institute at Haifa. During this 
period wave gauges were installed, previously obtained wave data were 
. exchanged, and the data were applied to the solution of practical 
problems such as the inproved design of a coal-unloading facility at 
Haifa and the planning of port deliveries by ships of mar.y nations in 
the eastern Mediterranean Sea. In late 1979, the project's principal 
investigator at VIMS accepted a research and teaching poE;ition in 
South Carolina, and the project will be headquartered thE~re for the 
remaining two years. 
The VIMS Sea Grant Program for 1979 included the projects listed 
in Table I of Appendix B as well as a few projects funded from a 
"program development" allowance to prepare new project ideas for 
formal funding the following year. Some $515,300 of the federal total 
went in support of projects conducted at VIMS, and about $180,000 was 
subgranted to other colleges and universities in Virginia. The VIMS 
projects are discussed under the scientific divisions in other 
sections of this report; those of the other institutions are discussed 
below: 
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Institution Federal Funds 
Old Dominion University 
George Mason University 
University of Virginia 
Norfolk State University 
Virginia State University 
College of William and Mary 
(Williamsburg campus) 
$ 71,277 
54,398 
26,840 
13,175 
9,500 
4,932 
Two projects were awarded to Old Dominion University. One was a 
joint project with VIMS-W&M, designed to investigate the recruitment 
sources for blue crabs in the Chesapeake Bay. It ~s part of a 
regional effort involving sister projects in the Maryland and Delaware 
Sea Grant Programs. The first year of this three-year project 
resulted in discoveries regarding the distri.bution and migration of 
blue crab larvae whi~h, when combined with similar data from Maryland 
and Delaware, may lead to a more thorough understanding of the 
dynamics of blue crab populations along the Central u.s. East Coast 
and improvements in the capability to predict commercial harvests and 
thus the enhancement of fishery management planning. 
The second project funded at ODU was part of a new Sea Grant 
Internship program, whereby promising graduate students were provided 
an opportunity to spend a year in on-the-job training with a federal 
agency involved in some aspect of marine resources management. 
MS. Caroll Curtis, the intern from ODU, spent 1979 in the Office of 
Coastal Zone Management working in the Marine Sanctuaries program. 
The arrangement was so mutually beneficial to both the intern and the 
agency that her services there were extended for an additional year. 
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George Mason University was awarded two projects in 1979. The 
first involved the continuation of a project on shellfish genetics 
designed to pave the way for the development of superior breeds of 
clams and scallops for use in commercial aquaculture. The degree of 
genetic variability was assessed in natural populations, and those 
with desirable traits were held for breeding experiments conducted at 
VIMS' Eastern Shore Laboratory. The other project was the second year 
of a three-year study on the blood chemistry of horseshoe crabs. This 
was intended to provide information on primitive immunological defense 
mechanisms which may be of value in understanding human immune 
systems. Researchers found that the degree of activity varied greatly 
among agglutinin samples isolated from different individual horseshoe 
crabs. 
Two projects were also awarded to the University of Virginia. 
One was designed to understand the dynamics of chemical nutrients in 
estuarine salt marsh habitats. This joint project with \TMS 
Ecology-Pollution Department scientists was covered in that section of 
this report. A second UVA project was intended to provide information 
on the effects of decompositon of marsh grasses upon water quality. 
In the first year, a number of different marsh plants were evaluated 
for their effect upon water quality after laboratory-controlled 
decomposition. This program could lead to a better under·standing of 
the natural factors which, when combined with man-made fa.ctors, 
account for the total changes in estuarine water quality. Information 
derived will be compiled in the form of a theoretical moc.el for use by 
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planners in understanding and predicting the effects of various human 
and natural activities on estuarine water quality. 
Norfolk State University was awarded a multi-year project to 
develop a program in marine environmental journalism. This project 
was designed to baprove communications between journalists and marine 
scientists so that the general public would learn more of marine 
resources and environmental affairs. A curriculum was established for 
an undergraduate program in the NSU Department of Journalism, and 
students were recruited. Local media representatives expressd 
interest in acquiring mid-career training in this program for their 
staff members. 
The project awarded to Virginia State University helped provide a 
marine emphasis in its undergraduate embryology program so that 
minority students would be attracted to marine science careers and 
apply for graduate training in marine science. This single-year 
project was completed in 1979, and a fourth of the students who 
participated expressed a desire to enter a marine field upon 
graduation. Five supplementary seminars were provided during the year 
by professional marine scientists and resource managers, and four 
field trips to marine research and regulatory facilities were 
completed. The marine emphasis in the course was to continue the 
following years without direct Sea Grant support. 
The final non-VIHS Sea Grant subcontract for 1979 was awarded to 
the College of William and Mary's Department of Education for the 
enhanceaent of marine ecosystem awareness in elementary education 
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programs. Marine educational units to be provided to teac:hers were 
developed, and seminars and publications were provided to Virginia 
teachers for upgrading marine awareness programs. 
The VIMS Sea Grant office directly administered tw projects, one 
for a Sea Grant Internship program for a VIMS graduate student, and 
one for management and development of the VIMS Sea Grant Program. 
The Sea Grant Internship was awarded to Mr. Douglas Lipton, who 
spent 1979 working in the Marine Resources Monitoring, AsBessment and 
Prediction (MARMAP) Program office of the National Marine Fisheries 
Service. Upon completion of the internship, Mr. Lipton WclS offered 
continued employment in that office, attesting to the value of his 
services during the internship. His acceptance of employment there 
indicated that he found the internship rewarding and beneficial to his 
career. 
The VIMS Sea Grant Program Administration and Develo:;>ment project 
provided support for VIMS Sea Grant Office personnel and .Eor a 
graduate student in marine affairs. In addition, $20,000 was set 
aside for the development of future programs and for res?>nse to 
immediate opportunities for marine resource utilization ~nprovements. 
The VIMS Sea Grant Office monitored the progress of ·)oth on- and 
off-campus projects throughout the year and planned for f..1ture 
emphasis by keeping abreast of trends in National Sea Gra·1t funding 
and regional and stat•~ marine resource research needs. A panel of 
experts in specific f:lelds of marine research was establi;hed to 
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provide assistance in selecting and upgrading new research projects. 
A separate panel of marine resource users and planners was established 
to help keep the VIMS Sea Grant program attuned to the changing needs 
of its Virginia constituency. 
A supplementary grant of $20,000 was added to the basic grant to 
develop a prototype data distribution network which will provide quick 
computer-based access to current research and planning data involving 
marine resources and environmental activities, initially on a small 
seale, as a basis for future expansion into a nationwide system. 
Equipment was acquired and tested in 1979 and the project was 
continued into 1980. 
1980 Activities of the Sea Grant Program 
For grant year 1980, th~ VIMS Sea Grant program was recognized 
nationally for its past aehievementE oy being promoted within the 
National Sea Grant heirarchy from Coherent Area Program to Sea Grant 
Institutional Status. It was awarded a total of $865,668 in funding 
for support of the projects listed in Table II of Appendix B. As the 
1980 activities remained in progress at the fiscal year's end, the 
accomplishments could not be reported here. Many of the projects were 
continued from the previous years and are summarized above. New 
projects that began in calendar year 1980, and which were funded at 
VIMS, have been discussed in the other sections of this report, or 
will be discussed in future annual reports of the VIHS departments in 
which they were conducted. The following statements summarize the 
off-campus VIHS Sea Grant projects initiated in 1980. 
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Two new projects were funded at Old Dominion Univers:Lty in 1980. 
The first was a project designed to gather information on the movement 
of pollutants associated with small boat marinas by perfo1~ing 
hydraulic model simulation studies. This was part of a three-project 
VIMS-ODU cooperative effort to study pollution dispersion associated 
with marinas, a subject of controversy between marina operators and 
coastal management and regulating agencies that impose rerJtrictions on 
marina operators and on shellfish harvesting in the vicin:Lty of 
marinas, based at present upon weak scientific data on pollution 
dynamics. The two complementary projects were funded at 'IIMS. The 
second project funded at ODU involved a study of the evolution of 
sedimentation dynamics of small inlets to provide the bas:Ls for 
improvements in planning, policy and management decisions regarding 
coastal inlet and wetland development. 
Public Participation and Liaison Activities 
Although Virginia withdrew from participating formally in 
developing a coastal zone management program, public interest in 
coastal resource management and related work performed by VIMS 
continued. Throughout the year, VIMS gave presentations to various 
citizens groups, such as the Lions Club, as requested. In addition, 
VIMS participated in the Women's Energy Forum in Williamsburg, 
sponsored by Cities Service Company and Kayo Oil Company. Our 
presentation dealt with balancing energy goals with environmental 
priorities. 
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Personnel served as liaison between VIMS and various 
organizations, including the Citizens Program for the Chesapeake Bay, 
the u.s. Coast Guard, the Cousteau Society, and committees of the 1980 
General Assembly concerned with coastal legislation. we helped the 
Coast Guard to develop and refine contingency planning capabilities 
for oil and hazardous materials spills. The VIMS Sea Grant Program 
sponsored a poster contest for primary school children with the 
Cousteau Society and Leggette Department Store, which was held in 
conjunction with Harborfest and Ocean Science Day, 1980. 
Departaent of Numerical Analysis and Information Systems 
In addition to the on-goind work of the DeparbBent described 
below, the potentially most significant action during the past year 
was the initiation of the process to acquire a computer system at VIMS 
more appropriate to the needs of the scientists at the Institute than 
the present IBM 370/115 coupled with Remote Job Entry capability to 
the IBM 370/158 located at the Williamsburg campus. This acquisition 
was in accordance with the VIMS Data Processing Plan developed at the 
request of the Virginia Department of Management Analysis and Systems 
Development (DMASD) in 1968. An Agency Procurement Request (APR) was 
issued to DKASD in mid-July 1979. 
Procurement of a new computer system was delayed by 
reorganization matters involving the merger of the Institute with the 
College of William and Mary. Also, since development of the original 
proposal, a number of significant changes occurred in the computing 
needs of the Institute, and it became apparent that the best interests 
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of the Institute would be served by issuing a new procurement based on 
the altered requirements. 
The following data bases were maintained and updated during the 
year. Their current status and growth during the year were: 
Hydrographic data: 2,920 records added 
96,264 records total 
Bibliography systems for: 
Marine Education Materials (100 entries quarterly) 
Library (Chesapeake Bay) 
Mid-Atlantic 
Ichthyology 
Marine Environment and Resources Research and Management 
System (MERRMS) 
Aquaculture (100 entries monthly) 
~~iling Label systems for: 
Advisory Services 
Information Office 
National Shellfish Association 
Mr. R. J. Lukens was transferred from Physical Oceanography to 
the Department and made responsible for the development of 
microprocessor-based instrumentation and data communication between 
micros and mainframes. He represented a significant addition to the 
expertise of the Department. 
109 
Several microcomputers were introduced into various VIMS projects 
for data acquisition, communications and display. Apple II 
microcomputers were acquired, along with a North-Star microcomputer 
and its' associated video digitizer for image analyses. we encouraged 
other computer developments at VIMS: the acquisition and use of 
microcomputers in a responsible manner; the provision of hardware and 
software suport to the scientists in their projects; and the 
development of data communication linkages between the micros and the 
mainframe computer, thus establishing a distributed processing network 
in which the computational workload would be rationally divided for 
maximum efficiency. It was anticipated that the use of microcomputers 
with instrumentation would grow, following the national trend. 
The Department Head, Dr. David Evans, was Principal 
Co-investigator on two projects. One involve..! a collaborative effort 
with the National Ocean Data Center in Washington to develop a data 
exchange network; the other j_nvolved the development and use of shape 
analyses for determining the origin and transport of sand grains. 
Both projects used microcomputers interacting with instrumentation and 
with mainframes. 
Dr. William Roller, the Department's statistician, was active in 
developing user-oriented computer programs to assist experiment design 
and sampling strategy as well as for time-series analysis. He also 
spearheaded a proposal for extensive aquatic monitoring in the Bay to 
provide a data base for time-series analyses, particularly for the 
prediction of events (comparable with weather forecasting). 
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Department personnel provided instruction in graduate courses and 
informal seminars in Elementary Statistics, Time Series J~alysis, 
Computer Programming, Computer Graphics, Matrix Algebra, Factor 
Analysis and Principal Component Analysis. 
Computer Activity 
The VIMS 370/115 handled a total of 17,117 jobs, employing a 
total of 462.5 hours of CPU range. Some 5.25 million cards provided 
the input, and about 600,000 pages of output were generated. Not 
included in this number of jobs were those submitted to the College of 
William and Mary's IBM 370/158 through the VIMS machine, since the 
accounting system did not count them as separate jobs. 
The proposed new system (previously discussed) will be oriented 
towards user terminals rather than the current batch sys·:em. 
Experience elsewhere has shown that productivity and eff:lciency are 
increased at least ten-fold by this measure. 
A Tektronix 4015-1 Graphics Terminal was acquired during the last 
year. It was used under the Timesharing Option (TSO) with the 
Williamsburg computer using a SCATS phone line for commu·~ication. 
Sophisticated software for the terminal was developed, and the 
introduction of computer graphics to VIMS scientists was well 
received. It was planned to continue with its introduction into many 
phases of VIMS activity. 
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Library of Marine Science 
The library continued its support of, and iaproved its services 
to staff, students and others who use its facilities. Nine hundred 
monographs and four hundred bound periodical volumes were acquired 
during the fiscal year, bringing the total holdings of monographs and 
bound periodicals to some twenty-eight thousand volumes. 
Under the constant pressures of space and money shortages, the 
library initiated an inventory and weeding program. More serials were 
relegated to storage areas, and the current subscription list was 
scrutinized to develop a more cost-effective collecting policy. 
Purchasing of materials was directed to of those most supportive of 
VIMS activities. Those of peripheral interest were acquired (seven on 
interlibrary loan) as needed. We pr.ocessed 1,076 requests for 
interlibrary loans and photocopies. 
In addition to the collection of u.s. Geological Survey 
quandrangle maps of Virginia, the Library established a depository 
program for National Ocean Survey nautical charts of Chesapeake Bay 
and the East Coast. 
Computerized literature searching services continued to support 
the bibliographic research of library patrons, with even greater use 
of the service anticipated upon the location of a terminal in the 
library. Scientists were beginning to budget for searching in their 
grant and contract proposals. 
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Institute-wide cutbacks affected the Library staff, resulting in 
the loss of one piecework position. This contributed to the decision 
to discontinue the Bookstore. Negotiations were underway to establish 
bookstore service through the College of William and Mary. 
We compiled the 1976 and 1977 VIMS Contributions, entered the 
publications list on the word processor, and generally improved the 
control of VIMS publications before losing the piecework position 
assigned to this work. The exchange list for contributions and 
reports exceeded 275 institutions. 
Work on the Chesapeake Bay Bibliography (CBB) continued. New 
research centers studying the Bay were sought and asked to contribute 
or exchange their reports with the VIMS library. Users queried the 
Bibliography for specific information and found it helpful. A poster 
display and descriptive brochure were created to enhance public 
awareness of the CBB. A technical paper on its development and 
methods was being prepared for submission to a professional library 
journal. 
The Librarian participated in the International Marine Science 
Libraries and Information Centers conference held in Charleston, South 
Carolina; as a result of this conference, a Sea Grant proposal was 
written for the creation of a union list of serials for marine 
libraries. 
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DIVISION OF THE EASTERN SHORE 
Research 
The primary research effort at wachapreague continues to be on 
developing aquacultural methods for growing commercially valuable 
molluscan species. Although the major effort was on the hard clam 
(Mercenaria mercenaria), over 60 species have been grown in the 
Eastern Shore aquaculture facility. These included the commercially 
important oyster (Crassostrea virginica), soft clam (Mya arenaria) and 
surf clam (Spisula solidissima). 
Other molluscan species that were grown and being held for future 
research include Mulinia lateralis, Geukensia demissus and Busycon 
carica. In addition to growing B. carica, a field tagging and natural 
history study on that species was underway near Wachapreague Inlet. 
Cooperative research projects were carried out with Drs. wall and 
Adamkewicz from George Mason University and with Drs. Carriker and 
Williams from the Unviersity of Delaware. 
Education and Advisory Services 
Thirty-three people enrolled in the two courses devoted to 
g~owins hard clams. This was the sixth year that a clam course was 
given at the Eastern Shore. In additon to offering the course, 
extension service was provided to the participants to help them get 
started in their clam growing enterprises. 
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Field trips for survey courses in Marine Biology wer·~ again 
offered throughout the year. Nineteen groups, primarily e.ollege, 
availed themselves of these trips. In addition, approximately 175 
visitors toured the laboratory. Most of these were groupB from 
schools or colleges. 
Considerable time and effort was expended on advisory services, 
answering questions, identifying marine specimens and adv:lsing on a 
number of fisheries, aquaculture, marine and coastal problems. 
Dr. Analia Amor from Argentina spent almost a half Y•~ar at the 
laboratory learning the techniques used in growing molluse.an species. 
Service to Other Institutions 
ClaBs and s~allops were gro-vm for projects carried out by George 
M~son University, University of Georgia, and for the Marine Science 
Laboratory :it Charlest:c11, South Carolina. In addition, t,Jo projects 
on coastal bi.rd fauna \Jere carried out by other schools o:t the College 
of Will i.~m end ~·!ary and a number of Federal agencies. A geological 
res~at"ch pr.)_je.~t TJ1aS r:c:;rried out near the laboratory by u.s. Army 
Corpt:> ;:>f Engineers Re:;earch Center personnel for which tht~ Eastern 
Shore dlvlsi'1tl furnished support, facilities, and equipment. Marine 
8p-:>-~ i.'l1eT1~ were c0llectE·rl for the University of Delaware, Jniversity of 
~1;.1_ r-!Ll'ld, an~~ :1 nwnber of community colleges. Spec !mens ;Jere also 
f ~ ·--ds 1"~-l t:1 pri.n<1ry and sP.condary school classes. 
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Service to Other Divisions 
A number of projects were carried out on the Shore by personnel 
from other divisions of the Institute. The Eastern Shore division 
furnished back-up personnel and equipment, and use of the dormitory. 
Over 30 people spent varying lengths of time on the Shore working on 
an oyster ground survey and the Institute-wide submerged aquatic 
vegetation project. 
Qysters held in trays and shell bags were routinely sampled by 
the Eastern Shore staff to monitor oyster disease intensity and oyster 
spatfall for other divisions. 
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pelecypods). 
Gene M. Silberhorn, Ph.D., Kent State University; Associate Professor 
of Marine Science; Coastal and wetlands plant ecology and 
systematics, coastal zone management. 
Craig L. Smith; Ph.D., University of Florida; Associate Professor of 
Marine Science; Chemical oceanography. 
N. Bartlett Theberge, LL.M., University of Miami; Associate Professor 
of Marine Science; Maritime law, marine affairs. 
Marvin Leroy Wass; Ph.D., Florida State University; Associate 
Professor of Marine Science; Invertebrate and benthic ecology. 
Chistopher s. Welch; Ph.D., Massachusetts Institute of Technology, 
Woods Bole Oceanographic Institute; Associate Professor of Marine 
Science; Physical oceanography. 
PaulL. Zubkoff; Ph.D., Cornell University; Associate Professor of 
Marine Sciene; Biochemistry, environmental physiology. 
Eugene M. Burreson; Ph.D., Oregon State University; Assistant 
Professor of Marine Science; Parasitology, systematics of marine 
leeches, systematics and ecology of parasitic protozoa. 
Hsuan Shan Chen; Ph.D., Massachusetts Institute of Technology; 
Assistant Professor of ~rine Science; Chemical oceanography. 
Robert J. Diaz; Ph.D., University of Virginia; Assistant Professor 
of Marine Science; Benthic ecology; population dynamics, 
energetics, and quantitative analyses of benthic communities. 
Leonard R. Haas; Ph.D., College of William and Mary; Assistant 
Professor of Marine Science. 
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Richard L. Harris; Ph.D., University of Ha~yland; Assistant 
Professor of Marine Science. 
Gaines Chen-Sang Ho; Ph.D., Harvard University; Assistant Professor 
of Marine Science; Environmental engineering. 
Carl H. Hobbs, III; M.S., University of Massachusetts; Assistant 
Professor of Marine Science; Geological oceanography. 
Paul v. Hyer; Ph.D., University of Maryland; Assistant Professor of 
Marine Science; Physical oceanography. 
Robert A. Jordan; Ph.D., University of Michigan; Assistant Professor 
of Marine Science. 
Howard I. Jator; Ph.D., Florida State University; Assistant Professor 
of Marine Science; Microbiology, ecology of estuarine and marine 
bacteria, biodegradation processes, water pollution microbiology • 
. John N. Kraeuter; Ph.D., University of Delaware; Assistant Professor 
of Marine Science; Aquaculture of molluscs. 
Robert J. Orth; Ph.D., University of Maryland; Assistant Professor 
of Marine Science; Biology and ecology of submerged aquatic 
vegetatiQn, ecology of benthic communities. 
Polly A. Penhale; Ph.D., North Carolina State University; Assistant 
Professor of Marine Science; Marine botany and ecology; 
productivity and nutrient cycling in seagrass communities, 
submerged angiosperm physiology. 
Witliam F. Roller; Ph.D., Virginia Polytechnic and State University; 
Assistant Professor of Marine Science; Statistics. 
Craig L. Ruddell; Ph.D., University of Washington; Assistant 
Professor of Marine Science; Pathobiology, histochemistry, 
electron microscopy, and marine biology. 
Evon Paul Ruzecki; Ph.D., University of Virginia; Assistant Professor 
of Marine Science; Physical oceanography. 
Chih-Wu Su; Ph.D., University of California; Assistant Professor of 
Marine Science; Organic chemistry. 
William John Wardle; Ph.D., Texas A&M University; Assistant Professor 
of Marine Science; Invertebrate zoology, parasitology. 
J. Ernest Warinner, III; M.A., College of William and Mary; Assistant 
Professor of Marine Science; Radiobiology, pollution biology, 
environmental physiology. 
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Richard L. wetzel; Ph.D., University of Georgia; Assistant Professor 
of Marine Science; Estuarine and coastal ecology, energetics; 
systems ecology. 
Prank J. Wbjcik; M.s., University of Alaska; Assistant Professor 
of Marine Science; Systematics and ecology of marine fishes. 
Th01Das A. Barnard, Jr.,; M.A., College of William and Mary; Instructor 
in Marine Science; Marine resource management. 
Cynthia L. Bosco, M.A., College of William and Mary; Instructor in 
Marine Science; Estuarine water quality assessment, especially 
impacts of non-point pollution, phytoplankton successions and 
dynamics; benthic release of nutrients from sediments. 
Marcia A. Bowen; M.A., University of Rhode Island; Instructor in 
Marine Science; 'Taxonomy and ecology of marine invertebrates; 
Specializing in ostracods, amphipods. 
Carl B. Cerco; M.s., Massachusetts Institute of Technology; 
Instructor in Marine Science; Application of systems analysis and 
mathematical modelling techniques to areas of environmental 
concern; environmental education. 
Elizabeth A. Cornell; M.S., University of Rhode Island; Instructor 
in Marine Science; ~arine education. 
Hayden H. Gordon; M.A.; College of William and Mary; Instructor in 
Marine Science; Remote Sensing. 
Carl Hershner; Ph.D., University of Virginia; Instructor in Marine 
Science; Wetlands ecology. 
J. Claiborne Jones; M.A., College of William and Mary; Instructor in 
Marine Science; Information transfer. 
Linda R. Kilch; M.s., Tennessee Technological University; Instructor 
in Marine Science; Water quality analyses; urban runoff; nutrient 
enrichment. 
Jon A. Lucy; M.A., College of William and Mary; Instructor in 
Marine Science; Sportfisheries, marine recreation; advisory 
services. 
Robert J. Lukens; .B.S., Massachusetts Institute of Technology; 
Instructor in Marine Science; Instrumentation; computer science. 
John E. Olney; M.A. , College of William and Mary; Instructor in 
Marine Science; Systematics; fish larvae. 
John B. Pleasants; M.M.A., University of Rhode Island; Instructor in 
Marine Science; Marine affairs. 
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Ginny H. Shaw; M.S., College of William and Mary; Instruc·:or in 
Marine Science; Computer science. 
Kenneth J. Sulak; M.S .. , University of Miami; Instructor in Marine 
Science; Ichthyology; Zoogeography; systematics. 
Da'Jid E. Zwerner; M.A., College of William and Mary; Instructor in 
Harine Science; :?arasitology; fish diseases. 
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Appendix A 
SPONSORED RESEARCH 
(Leas Sea Grant) 
CPCB - Citizen's Program for the Chesapeake Bay 
CRC - Chesapeake research Corporation, Inc. 
EPA - Environmental Protection Agency 
F&WS --~ish and Wildlife Se~ice 
HRWQA ~ Hampton Roads Water Quality Agency 
NASA - National Aeronautic and Space Agency 
NMFS - -National Marine Fisheries Service 
NOAA -National Oceanic and Atmospheric Agnecy 
NSF - National Science Foundation 
SWCB - Virginia State Water Control Board 
VFW - Virginia Wildlife Federation 
W&M - William and Mary 
Title 
Remote·Sensing in Estuarine Management 
Platforms-of-Opportunity Program CPR/XBT 
Support and Analyses 
Fate, Transport and Transformation of Toxics 
Series Studies 
Environmental Assessment of the Waters in the 
Vicinity of the C.P. Crane Generating Station 
SEASAT SAR Test of Virginian Sea Wave Climate Model 
The Spatted Seatrout Reproductive Biology and 
the Sport Fishery in the Chesapeake Bay Area 
Investigations of Hydrodynamic and Behavorial 
Factors Affecting Zooplankton Sampling by Pumps 
An Environmental Assessment of the Waters in the 
Vicinity of the C.P. Crane Generating Station 
Study of Estimate Oyster Density in the Vicinity 
of New:West Norfolk Bridge 
Beach Monitoring 
Technical Services for Federal Regulatory 
Activities in Tidal Waters of Virginia 
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$ 
Amount 
10,000 
11,223 
151,811 
5,000 
74,377 
67,829 
2,744 
39,670 
71,275 
4,733 
5,000 
40,000 
Funding Agency 
NASA 
NMFS 
EPA 
F&WS 
Md. Dept. of 
Nat. Resources 
NOAA 
Sport. Fishing 
Institute 
Martin Marietta 
Corp. 
Md. Dept. Nat. 
Resources 
Va. Dept. Bghwy 
and Trans. 
Army Corps of 
Engineers, Norfolk 
Army Corps 
of Engineers, Norfolk 
Title 
Distribution and Abundance of Submerged 
Aquatic Vegetation in the Lower Chesapeake Bay 
A Comparative Study of the Structure and Function 
of Demersal Deep-Sea Fish Assemblages in Tropical 
and Temperate ~cosystems 
An Environmental Assessment of the Waters 
in the Vicinity of the C.P. Crane Generating 
Station, 1979-1980 
Video Digitization System to Support Fourier 
Analysis of Particle Shape 
Vi~ginia Wildlife Federation Summer Camp 
Tidal Jreshwater Swamp Inventory 
Installation of Current Meters in the 
Vicinity of the Outfall for the Chesapeake-
Elizabeth Sewage Treatment Plant 
Anadroaaous Fisheries Research Program, Virginia 
Establishment of LANDSAT Data Analysis 
Capability for use in Virginia 
Modeling Services in Conjunction with the 
Lynnhaven River EIA 
Chinese Engineers Visit 
Workshop on the Pop~ation Dynamics of the 
Striped Bas,, Morone saxatilis 
A Study of Sea Turtle Mortality in Virginia 
Development of a Use Ethic for the Chesapeake Bay 
Bioassay Methodology Evaluation 
water Quality and Non-Point Pollution Studies 
Aquaculture-Computerized Information 
Microbial Degradation of 14 C-Chitin in an Estuary 
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Amount 
44,346 
108,690 
25,909 
$ 8,586 
2,000 
10,788 
6,000 
154,930 
9,500 
6,000 
500 
6,353 
10,000 
5,000 
66,840 
5,000 
22,977 
300 
Funding Agency 
EPA 
NSF 
Md. Dept. Nat. 
Resources 
NSF 
VWF 
Va. Envir. 
Endowment 
Malcolm 
Pirnie Eng. 
NMPS 
NASA Goddard 
Space Plight 
Center 
Mattern & 
Seay, Inc. 
Water Resources 
Planning Comm. 
lMPS 
NMFS 
CPCB 
CRC 
HRWQA 
NOAA 
W&M 
Title Amount 
Distributional Ecology of Fishes and Macro- 7,333 
invertebrates as Related to Daily and Seasonal 
Dynamics of Water Masses on the Continental Shelf 
Hydrographic and Water Quality Mathematical 72,500 
Model Study of Little Hunting Creek, Va. 
Utilization of VIMS' Beaver Aircraft 1,500 
An Investigation to MOnitor Community Structure 25,719 
and Distribution Changes in a Tidal Wetland of Cabin 
Point Creek in Response to Land Development 
Perturbation 
Estuarine and Non-Point Source Water Quality 237,000 
Studies of Lynnhaven Bay and Northwest River 
Use of R/V .CAPTAIN JOHN SMITH 2,000 
Chesapeake Bay Nutrient Study 130,881 
Assessment of Larval Striped Bass 85,149 
A Study of the Status of Loggerhead Turtle Nesting 10,000 
in Virginia 
Metal Distributions in Suspended Sediment in 10,000 
the Chesapeake Bay Plume aad Adjacent Atlantic 
Continental Shelf 
Assessment of Bacterial Bi~mass and Heterotrophic 9,919 
Potential in Water Samples from the Chesapeake Bay 
Plume and Atlantic Continental Shelf 
TOTAL FUNDED RESEARCH (LESS SFA GRANT) $1,569,382 
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Funding Agency 
u. of Wisconsin 
SWCB 
NASA 
ltiFS 
HRWQ 
NMFS 
EPA 
NMFS 
City of 
Danville, va. 
NMFS 
NMFS 
APPENDIX B 
TABLE I 
COMPOSITION OF THE VIMS-W&M SEA GRANT PROGRA.'l 
FOR CALENDAR YEAR 1979 
VIMS-W&M • Virginia Institute of Marine Science, College of William 
and Mary 
ODU • Old Dominion University 
UVA • University of Virginia 
GMU • George Mason University 
NSU = Norfolk State University 
W&M = College of William and Mary (Williamsburg Campus) 
VSU ~ Virginia State University 
Inst. Project Title Investigator 
HARINE RESOURCE DEVELOPMENT 
VIMS-w&M Mariculture of Shellfish~ w. J. Wardle 
Disease Resistance F. 0. Perkins 
GMU Genetics and Breeding J. R. Wall 
Structure of Marine Clams, 
Mercenaria spp. 
Status 
continuing 
continuing 
VIMS-W&M Invest.tgatf.ons of the 
Cause and Epizootiology 
of Mortal:ltles in Soft 
and Shedding Blue Crabs 
w. A. Van Engel final year 
F. o. Perkins 
ODU-VIMS 
(Joint) 
VI~.fS-tel&M 
GMU 
VIMS-W&M 
H. I. Kator 
Distribution and Migration 
of Blu~ Crab Larvae in the 
Lower Chesapeake Bay and 
Adjacent Coastal Waters 
A. J. Provenzano continuing 
H. H. White 
R. E. Johnson 
w. A. V#ln Engel 
The Effects of Hemoflagel- E. M. Burreson 
lates on Commercially D. E. Zwerner 
Important Estuarine Fishes 
Studies on the Structure R. A. Kaplan 
and Biological Properties of 
the Horseshoe Crab Agglutinin 
SOCIO-ECONOHIC IL.'lD LEGAL STUDIES 
Sport Fishery Citation Data c. E. Richards 
Coding and Storage 
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continuing 
final year 
MARINE TECHNOLOGY RESEARCH AND DEVELOPMENT 
VIMS-W&M Tidal Inlet Manageaent R .. J. Byrne continuing 
and Research in the 
Chesapeake Bay System 
MARINE ENVIRONMENTAL RESEARCH 
VIMS-w&M Nutrient Mass Balance R. L. Wetzel continuing 
& UVA Studies of Mesohaline K. L. Webb 
(Joint) Marshes in the Lower M. E. Bender 
Cllesapeake Bay J. c. Zieman (UVA) 
VIMS-W&M Past and Present Shoreline v. Goldsmith final year 
Trends of the Mid-Atlantic 
Coast and Wave Advisory 
Services 
UVA Oxygen Demand and Estuarine w. E. Odum continuing 
water Quality G. M. Hornberger 
H. G. Goodell 
MARINE EDUCATION AND TRAINING 
VSU Embryology Course Develop- E. w. Jemison one year 
ment to Increase Ethnic 
Minority Manpower Pool in 
Marine Science 
VIMS-w&M Sea Grant Internship c. Erkenbrecker one year 
& ODU J. Loesch 
c. Curtis 
D. Lipton 
NSU A Pilot Program in L. H. Scanlan continuing 
Environmental Journalism 
W&M Marine Education Proposal R. N. Geise one year 
for Materials and Course 
Development 
ADVISORY S8RVICES 
VDIS-W&M Marine Advisory Services w. D. DuPaul continuing 
VIMS-w&M Marine Education Section J. A. Lanier continuing 
VIMS-W&M Development of Prototype D. A. Evans conti~uing 
Data Distribution Network M. P. Lynch 
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PROGRAM ADMINISTRATION 
VIMS-W&M Program Management 
TOTAL FUNDING FOR 1979 PROJECTS 
M. P. Lynch 
w. J. Wardle 
continuing 
$1,283,357 ($846,800 Federal, $436,557 State and Local matching 
funds). 
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TABLE II 
COMPOSITION OF THE VDIS-W&M SEA GRANT PROGRAM 
FOR CALENDAR YEAR 1980 
VIMS-W&M • Virginia Institute of Marine Science, College of William 
and Mary 
ODU • Old Dominion University 
UVA • University of Virginia 
GMU • George Mason University 
NSU • Norfolk State University 
MARINE RESOURCE DEVELOPMENT 
VIMS-w&M Hariculture of Shellfish - w. J. Wardle 
Disease Resistance F. o. Perkins 
GMU Genetics and Breeding J. R. Wall 
Structure of Marine Clams, 
Mercenaia spp. 
ODU Distribution and Migration A. J. Provenzano 
of Blue Crab Larvae in the H. H. White 
Lower Chesapeake Bay and R. E. Johnson 
Adjacent Coastal Waters 
VIMS-w&M An Evaluation of the J. A. Musick 
Fishery Potential for 
Sharks in Virginia 
VIMS-w&M Assessment of the Biology K. J. Sulak 
and Commercial Utilization J. A. Musick 
of the Butterfish, Peprilus 
triacanthus, in Virginia 
Waters 
VIMS-w&M The effects of Hemo- E. M. Burreson 
flagellates on Commercially o. E. Zwerner 
Lmportant Fishes 
VL'IS-w&M Source Identification J. D. Boon 
and Tracing of Sand and D. A. Evans 
Shoal Deposits in Lower 
Chesapeake Bay Using 
Fourier Grain Size 
Shape Analysis 
GMU Studies on the Structure R. A. Kaplan 
and Biological Properties 
of the Horseshoe Crab 
Agglutinin 
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continuing 
.continuing 
continuing 
continuing 
continuing 
final year 
first year 
continuing 
final year 
VIMS-W&M 
ODU 
VL'lS-w&M 
VIMS-W&M 
ODU 
VIMS-W&!..f 
UVA 
NSU 
VIMS-W&M 
VIMS-W&M 
VIMS-w&M 
MARINE TECHNOLOGY RESEARCH AND DEVELOPMENT 
Tidal Inlet Management and R. J. Byrne 
Research in Chesapeake Bay 
System 
MARINE ENVIRONMENTAL RESEARCH 
Hydraulic Model Verifi-
cation of Marina Pollutant 
Fields 
Application of Simple 
Mathematical Models to 
Tidal Flushing of Marinas 
An Evaluation of a Small 
Boat Marina as a Source of 
Fecal Coliforms and the 
Concept of Fecal Coliform 
"Buffer Zone" 
The Environmental Geology 
and Geochemistry of Wet-
lands in Small Inlets 
Nutrient Mass Balance 
Studies of Mesohaline 
Marshes in the Lower 
Che sa pea ke Bay 
Oxygen Demand and Estuarine 
Water Quality 
c. H. Blair 
P. v. Hyer 
H. I. Kator 
M. w. Rhodes 
G. w. Oertel 
G. T. F. Wong 
K. L. Webb 
R. L. Wetzel 
J. C. Zieman (UVA) 
w. E. Odum 
G. M. Hornberger 
EDUCATION AND TRAINING 
A Pilot Program in 
Environmental Journalism 
Marine Advisory Services 
L. H. Scanlan 
W. D. DuPaul 
PROGRAM ADMINISTRATION 
Program Administration, 
Planning and Development 
M. P. Lynch 
w. J. Wardle 
DATA TECHNOLOGY 
Development of Prototype 
Data Distribution Network 
D. A. Evans 
M. P. Lynch 
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final year 
first year 
continuing 
first year 
continuing 
first year 
continuing 
first year 
continuing 
final year 
second year 
continuing 
second year 
continuing 
continuing 
continuing 
second year 
continuing 
MANPOWER DEVELOPMENT 
VIMS-w&M Sea Grant Internship N. B. Theberge one year 
T. J. Lassen 
ODU-VIMS Marine Sanctuary Progr• c. Erkenbrecker one year 
& W&M Assignment M. P. Lynch (extension) 
c. Curtis 
VIMS-W&M MABMAP Program Planning J. P. Loesch one year 
Assignment D. E. Lipton (extension) 
TOTAL FUNDING FOR 1980 PROJECTS 
$1,302,2?.5 ($865,668 Federal, $436,557 state and local matching funds). 
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